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“Just what difference is 
there between Non-Gran 
Bronze and bronze made to 
the same formula by another 


foundry?” 


The Secret of NON-GRAN 


"7 E had some castings made to your formula,’’ con- 


tinued the Purchasing Agent, “‘but our Engineering 
Department reports that they don’t stand up like Non-Gran. 
What do you put into your material that makes it so ever- 
lastingly durable ?’’ 
**It is all in the foundry practice,” replied the Non-Gran sales- 
man. ‘“The process of alloying and casting Non-Gran is the 
result of ten years’ specialization on this one alloy. No other 
metal ever gets inside our foundry. 


**The fundamental reason for the superiority of Non-Gran is 
that it is made to meet a quality ideal. We do not sacrifice 
quality to meet price. Non-Gran is bought by manufacturers 
who recognize the insurance against bearing troubles that 
Non-Gran provides. 


“*Recently a Factery Manager told me that his Company lost 
more on one lot of defective castings than the total difference 
in cost of Non-Gran for a year’s requirements. 


**We safeguard our customers’ interests by making sure that 
every Non-Gran Bearing has the same superior quality.’’ 


ISN’T THIS THE KIND OF SERVICE YOU WANT TO TIE UP WITH? 


American Bronze Corporation 
Berwyn Pennsylvania 
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Ottawa Beach Ideal for Summer 
Meeting 


ciety at Ottawa Beach, Mich., June 23 to 27, are 
being rapidly consummated. The Meetings Commit- 
tee, to make certain that the facilities offered at Ottawa 
Beach will meet every requirement of the Society for a 
summer meeting, visited Ottawa Beach in a body on 
April 27. At that time an opportunity was afforded for 
inspecting both the Hotel Ottawa, where the meeting will 
be held, and Waukazoo Inn, which it is expected will be 
used if, as seems likely, the capacity of the Hotel Ottawa 
is exceeded. Contrary to rumors which have come to the 
ears of the Committee, both hotels were found to be in 
excellent condition and the entire layout such as to war- 
rant a most successful and enjoyable meeting. The ho- 
tel rooms are unusually large and well furnished, all are 
outside and nearly all afford an excellent view of the lake. 
The dining room at the Hotel Ottawa is commodious 
and well appointed, and, overlooking the lake, is an un- 
usually attractive eating place. The hotel has a reputa- 
tion for maintaining a high-class cuisine, and special pro- 
visions are being made to see that the high standard of 
excellence is maintained and the food of highest quality 
and ample in quantity. 
As will be seen from the photographs, the hotel fronts 
on Black Lake and is separated from the shore of the lake 


Pies" for holding the Summer Meeting of the So- 





ONE OF THE EXTENSIVE VERANDAS FACING BLACK LAKE 


only by a large and well-kept lawn. Along the shore of 
the lake in front of the hotel and extending along the 
channel which connects Black Lake with Lake Michigan, 
is a boardwalk which ends at the extensive beach fronting 
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on Lake Michigan. The boardwalk is well illuminated at 
night and by day serves as a ready means of access to 
the commodious bathhouse located on the beach. 

As will be noted from the photographs the hotel is sur- 
rounded by extensive porches on which many of the rooms 
open. A screen is to be placed on the lawn in such a po- 
sition that motion pictures can be shown in the evening 
for the benefit of those who care to remain on the porches 
cr the lawn, in preference to dancing and other forms of 
amusement. 


SPORTS 


It would be hard to find a hotel where the facilities for 
recreation and sports are more convenient. Immediately 
adjoining the hotel are four tennis courts, while two ad- 
ditional courts are available at Waukazoo Inn. Provisions 
for boating as well as other water sports are excellent. 
There will be numerous small boats and canoes for hire, 
and many motor launches will be available. The Yacht 
Club just across the end of the lake from the Hotel Ot- 
tawa is to be open to members, and special provision is to 
be made for extra meals for those who desire refresh- 
ment outside of regular meal hours. 

The golf course is located near the shore of Black Lake, 
less than 10-min. walk from the hotel. It will be available 





THE LAWN BETWEEN BLACK LAKE AND THE HOTEL OTTAWA 


for the use of members throughout the meeting. A clock 
golf course is to be laid out on the lawn in front of the 
hotel. : 

A special sub-committee is being appointed to take care 
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HOTEL OTTAWA. 


PANORAMA SHOWING BLACK LAKE, THE HOTEL OTTAWA AND OTHER POINTS OF INTEREST, LOOKING EAST 


of the matter of athletic contests and sporting events, 
for which suitable prizes are to be awarded. Thirty or 
more such events are to be arranged, many of them 
open to ladies who will accompany members to the meet- 
ing. 

In short, it is expected that the meeting will closely ap- 
proximate those very successful meetings held aboard 
ship 3 and 4 yr. ago, except that a much larger attendance 
is expected. This year it was impossible to secure a 
steamer that would take care of all those who desired to 
attend the meeting, but the location selected will be such 
as to keep the members together much as they were 
aboard ship. On the other hand, it will allow greater op- 
portunity for recreation while still enabling the establish- 
ment of acquaintances and exchange of ideas, which many 





MEMBERS OF THE MEETINGS COMMITTEE WHO VISITED THE 
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consider the most valuable features of the summer meet- 
ings. 


PROFESSIONAL SESSIONS 


The program of the professional sessions had not been 
definitely decided upon at the time of going to press, but 
several important papers have been promised and a num- 
ber of others requested. 

The Standards Committee meeting will begin at 10 
a.m., Monday, June 23, and will probably continue 





ONE OF THE FouR TENNIS COURTS AT THE 


HOTEL OTTAWA AND THE 


PASSAGEWAY CONNECTING THE HOTEL WITH THE ANNEX 


through most of the afternoon of that day. The general 
meeting of the Society will begin with a professional 
session starting promptly at 8 o’clock Monday evening. 
Members are urged to make a special effort to be pres- 
ent in time for this opening session, for subjects of con- 
siderable importance to the membership will be dis- 
cussed then. The policy to be followed at future sum- 
mer meetings, especially with respect to arrangements 
for exhibits of parts favored by some members, is to be 
considered. At this session there will also be an elec- 
tion of members of the Nominating Committee. 

The professional sessions devoted entirely to considera- 
tion of automotive subjects will be held Tuesday, Wednes- 
day, Thursday and Friday mornings, the afternoons of 








THE CHANNEL 
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INTERURBAN PIER 


YACHT CLUB ~ 


CONNECTING BLACK LAKE WITH LAKE MICHIGAN BEGINS NEAR THE HOTEL 


these days being given over entirely to sports and recrea- 
tion. The meeting will, however, be concluded with a 
morning session Friday, although members who desire 
can, by arrangement with the hotel, remain at the hotel 
during the rest of the day or the week if they desire. 


PAPERS 


The papers thus far promised include the following: 
“Motor Truck Ability as Related to Trend in Design,” by 





THE BOARDWALK LEADING FROM THE HOTEL OTTAWA TO THE BEACH 


AND BATH HOUSE ON LAKE MICHIGAN 


I.. B. Kalb, assistant supervising engineer of the Stand- 
ard Parts Co.; “Relation of Implements to Tractors,” by 
Prof. E. A. White of the University of Illinois; “High- 
Speed Engine Indicators,” by P. S. Tice, consulting en- 
gineer of the Stewart-Warner Speedometer Corporation; 
“Electric Heat-Treatment of Steels,” by H. P. MacDon- 
ald, vice-president of the Snead & Co. Iron Works; “Ef- 
ficiency and Durability of Ball and Roller Bearings in 
Worm Axles,” by K. Heindlhofer, research engineer of 
the S. K. F. Industries; “Engine Cycles of the Future,” 
by Prof. C. A. Norman of Ohio State University; “‘Pro- 
tective Coatings for Metals,” by E. T. Birdsall, a con- 
sulting engineer of Cleveland; “Body Design,” by Ernst 
Schebera of the Fleetwood Metal Body Co., and “Air- 
craft Metallurgy and Its Application in the Automotive 
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MACATAWA 


AT THE EXTREME LEFT OF THE PHOTOGRAPH 


Industry,” by Harold F. Wood, metallurgical engineer of 
the Central Steel Co. 

Henry M. Crane, vice-president of the Wright-Martin 
Aircraft Corporation; L. H. Pomeroy, vice-president of 
the Institution of Automobile Engineers, England; H. 
C. Snow, engineer of the Winton Co., and W. B. Stout, 
consulting engineer of the United Aircraft Engineering 
Corporation, and several others well qualified to talk on 
the subject are to join in a symposium on the future pas- 
senger car. The various authors who are to contribute 
to this symposium are to be limited to 10 min. each, and 
it is expected that a lively and most interesting discus- 
sion will result. Other subjects upon which papers have 
been requested are as follows: Production, Motor Boats, 
Commercial Airplane Design, Dirigibles, Motorcycle De- 
sign, Tractors, etc. It is expected that some of the pa- 
pers scheduled will be read by title only. Those which 
are to be read at the meeting will be presented in sum- 
mary form with ample opportunity for discussion. 


ENTERTAINMENT FEATURES 


The Meetings Committee is making every effort to ar- 





ONE WING OF THE HoTeL OTTAWA AS IT APPEARED AT THE TIME OF 
THE MEETINGS COMMITTEE’S VISIT ON APRIL 27 
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Tue Horet OTTAWA GRILL ROOM, A PORTION OF THE COMMODIOUS 
DINING ROOM OVERLOOKING BLACK LAKE 


range entertainment features during the meeting that 
will be of interest to all concerned. These will include 
what may be termed semi-popular scientific talks or lec- 
tures by prominent men and will deal with modern scien- 
tific developments. These will be given in the evening, 
and will be of interest to both men and women. Some 
steps are being taken also to arrange morning lectures 
by prominent women for the benefit of ladies. There will 
be arrangements for ladies’ card parties and other 
features of a similar nature. Costume parades with 
prizes for the best costumes for women, for men and for 
children are in contemplation. The evening lectures will 
be followed by dancing and on Thursday evening by 
a Grand Ball. 
EXHIBITS 


The spectacular and novel exhibits of automotive ap- 
paratus arranged at the last S. A. E. Summer Meeting 


will long be remembered, and it is planned to have some- 
what similar exhibits this year. The Navy Department 
has been asked to cooperate in furnishing demonstra- 
tions of seaplanes and other craft available on the Great 
Lakes, and plans are now on foot for exhibits of high- 
speed motor boats in action. It is possible that some 
captured German automotive equipment will also be ex- 
hibited. In any case the meeting will be replete with in- 
terest, and those who fail to attend will long regret their 
absence. 


S. A. E. Summer Meetings are always well attended 
and highly enjoyable as well as profitable gatherings, 
and it is already evident that the forthcoming meeting 
will be no exception to the rule. Every member should 
be in attendance who can possibly so arrange, and every 





ON THE GOLF COURSE AT OTTAWA 3EACH 


company in the automotive field should be represented, 
for there will be much to learn that is new and many 
acquaintances made that will later prove invaluable. 





AMENDMENTS TO BY-LAWS 


T the meeting of the Council held at New York City, 

May 19, three amendments to the By-Laws were ap- 
proved. The amended sections which are now in force 
read as follows: 


Bi7—The Council shall each year consider the recom- 
mendations of the Finance Committee concerning the 
expenditures necessary for the work of the Society dur- 
ing each coming fiscal year. The apportioning of the 
expenditures of the Society among its various activi- 
ties shall be on a basis approved by the Council and in 
harmony with the Constitution and By-Laws. The ap- 
propriations approved by the Council, or so much there- 
of as may be required for the work of the Society, shall 
be expended by the Secretary acting as General Man- 
ager, under the direction of the Council, and all bills 
against the Society for such expenditures shall be 
checked against receipts, certified by the Secretary and 
paid by the Treazerer. Money shall not be paid out 
by any officer or employe of the Society except upon 
vouchers duly checked and certified to. 

B30—The Secretary of the Society shall be the Sec- 


retary of the Council. The Secretary shall, under the 
supervision of the Finance Committee, have charge of 
the books of account of the Society; shall make and 
collect all bills against members or others; shall have 
charge of all bills against the Society, and shall keep 
an account of the same, and present in proper form 
to the Finance Committee for audit, monthly statements 
of bills paid. 

All funds received by any person for the Society 
shall be delivered to the Secretary, who shall immedi- 
ately enter them in the books of account, and deposit 
such funds as he receives to the credit of the Society in 
a bank to be designated by the Council. 

B31—The Treasurer shall make payments only after 
bills have been checked against goods received and cer 
tified by the Secretary or upon the approval of the 
Finance Committee, or upon the direction of the Coun- 
cil by resolution. He shall furnish a bond for the 
faithful performance of his duties to such amount 
as the Council may require, such bond to be procured 
from an incorporated guarantee company, at the ex- 
pense of the Society. 
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The Construction of the Navy-Curtiss 
Flying Boats 


HE first direct steps in the building of the N-C 
flying boats were taken soon after the entrance of 
the United States into the recent war. In the sum- 
mer of 1917 Rear Admiral D. W. Taylor, chief constructor 
of the navy, considered combatting the submarine menace 
with large flying boats. He made a recommendation to 
Naval Constructor J. C. Hunsaker embodying this idea. 
As a result on Sept. 9, 1917, Glenn H. Curtiss of the 
Curtiss Aeroplane & Motor Corporation was summoned 
to Washington. Discussion and design went forward 
from the time of Mr. Curtiss’s arrival on the following 
day, and actual construction was begun early in 1918. 
Aircraft like the Navy-Curtiss boats, however, cannot 
be thought of as products of a sori of spontaneous mental 
combustion. They have a history antedating themselves. 
To understand what they represent one must comprehend 
what went before them. 


THE BEGINNING OF THE FLYING Boat 


The forerunner of the flying boat was the hydroaero- 
plane. This flying type was developed at Hammondsport, 
N. Y., and at San Diego, Cal., in 1909, 1910 and 1911. 
Here Mr. Curtiss invited representatives of the United 
States Army and Navy to visit his headquarters on 
North Island, San Diego Bay, for flying instruction, and 
the successful trials carried on early in 1911 were accord- 
ingly witnessed by Lieut. T. G. Ellyson, now Commander 
Ellyson, as the first officer detailed by the Navy in con- 
nection with aviation. Shortly afterward the present 
Commander John H. Towers and Commander H. C. 
Richardson were detailed under Lieut. Ellyson, and flew 
at Hammondsport, N. Y., soon after the first flying boat 
made its appearance. This craft was developed as a 
result of the hydroaeroplane experience. Work upon it 
was begun at Hammondsport in 1911 and then the first 
model was flown at San Diego early in 1912. 

The U.S. Navy in May, 1911, gave the following speci- 
fications for a hydroaeroplane: 


Rear Admiral D. W. Taylor 


Naval Constructor C. G. 
Westervelt 


THE MEN RESPONSIBLE FOR THE DEVELOPMENT OF THE N-C FLYING 


A hydroaeroplane, capable of rising from or landing 
on either the land or the water. Capable of attaining 
a speed of at least 55 miles per hr., with a fuel supply 
for a 4-hr. flight. To carry two people and be so fitted 
that either person could control the machine. 

These specifications were met in the first model con- 
structed by the Curtiss Aeroplane Co. at Hammondsport, 
N. Y., between May and July, 1911. 
the official forerunner of the N-C-1’s. 

The first flying boat was a natural simplification of the 
hydroaeroplane in that fuselage and pontoons were 
merged into a boat serving both as body and landing gear. 
The additional surface in contact with the water and the 
more radical changes with relation to the disposition of 
machine elements which the boat represented, forbade its 
being attempted first, though the idea of it had existed as 
long as that of the hydroaeroplane. When the latter, little 
more than a land machine on pontoons, had cleared away 
difficulties of equilibrium, engine placement, etc., the 
fiying boat followed. The first model had a sled-form 
profile, a flat bottom turning up to form a wedge-shaped 
nose, and was driven by a pusher eight-cylinder, 80-hp. 
Curtiss engine mounted between the two wings below the 
center panel. 

During the early development of the water craft the 
Navy men favoring the hydroaeroplane rather than the 
flying boat placed several orders for hydros and used 
them for training pilots for several years. 

Finally Mr. Curtiss, always an enthusiastic flying-boat 
advocate, convinced them that this type of water plane 
ceffered more advantages and succeeded in winning them 
over. This happened about the time of the beginning of 
the great war when the Curtiss Co. had begun to furnish 
large flying boats to England, Russia and other foreign 
countries. 

Although the hydroaeroplane was taken up by European 
producers, the flying boat seems to have remained an 
American type until after the beginning of the war in 


This seaplane was 





Naval Constructor H. C. 


Glenn H. Curtiss 
Richardson 
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August, 1914. It was then, through Lieut. J. C. Porte, 
brought to the attention of the British Admiralty, and 
flying boat construction was begun in Europe. After 
the first several experimental machines, the flying boat 
was called Model F. This machine attained sufficient 
reputation to attract attention in aeronautical circles. 
It was employed by the United States Navy in connec- 
tion with the Vera Cruz expedition of 1913, present 
Commander P. N. Bellinger distinguishing himself by 
a series of brilliant observation flights over Mexican 
territory from the American fleet. 

Late in 1913 Rodman Wanamaker became interested in 
the idea of a flight across the Atlantic Ocean. He 
decided upon the seaplane as having obvious advantages 
over an airplane for such an attempt, and consulted 
Gienn H. Curtiss, the designer of greatest experience 
with marine flying types, with respect to the construction 
of a craft which might be expected to succeed in the con- 
templated aerial voyage. Lieut. J. C. Porte, temporarily 
retired from Admiralty service, was to pilot the new 
machine. 

One of the requirements of any transatlantic plane 
was obviously a large supply of gasoline. It was also 
highly desirable that a mechanician as well as a flyer 
should make the voyage. A two-engined job accordingly 
seemed the logical type. Mr. Curtiss’s design was a 
flying boat with two 100-hp. Curtiss engines, carrying a 
useful load of 1800 lb., and having a span of 75 ft. A 
third engine was subsequently added. 

Although the outbreak of war in August, 1914, pre- 
vented the America from starting for the Azores, it did 
not lessen the importance of the model as a step forward 
in flying boat design. Nothing like it had heretofore 
appeared, and its size and multi-engine equipment be- 
came the attributes of a series of flying boats which were 
to lead toward the achievement represented in the Navy- 
Curtiss models. 


BRITISH STIMULUS TO AMERICAN DESIGN 


The British Admiralty, as has been stated, early in the 
war authorized the designing and construction of large 
flying boats. Of the several which were constructed in 
the United States, the most memorable was the Curtiss 
Model T. This was a triplane of a 133-ft. wing spread, 
mounting four 300-hp. V-4 Curtiss engines. Its size sug- 
gests the N-C’s, the latter being of slightly less wing 
spread but of greater engine power. 

The vessel was an interesting forerunner of the N-C 
type, differing from it in certain details, in one instance 
vitally, but forming a basis for progress. The hull, for 
instance, was extended rearward to form a support for 
the tail surfaces. It was found that such an extension 
in a flying boat of this size was inadvisable, and the 
shortening of the hull and the mounting of the empen- 
nage on outriggers in the N-C boats was a result of this 
discovery. The models H-7, H-12 and HS had given 
valuable experience in flying boat construction which was 
used in connection with the N-C design and production. 

The summons of Sept. 9, 1917 brought the Curtiss 
representatives to Washington. Here they conferred with 
officers of the United States Navy. Glenn H. Curtiss to- 
gether with two engineers, Messrs. Gilmore and Kleckler, 
were for the next 3 months in constant touch with 
Dr. A. F. Zahm, Naval Constructor C. G. Westervelt and 
Naval Constructor H. C. Richardson. The ideas of all con- 
ferees were pooled. The sole desire was then and has 
since been to produce an effective flying boat. 

Preliminary work went forward at Buffalo, where the 


Curtiss plant was located, and where Commander Wester- 
velt had established headquarters, and at Washington, 
where Dr. Zahm and Constructor Richardson were carry- 
ing on experiments. Dr. Zahm constructed a 3-ft. model 
of the new aircraft. This model he carefully tested in 
the Washington Navy Yard wind tunnel, determining 
scientifically the exact size and arrangement of the tail 
surfaces needed, and the behavior of the machine from 
the standpoints of equilibrium and stability. Constructor 
Richardson experimented in the model basin of the Navy 
Yard with respect to hulls. He obtained interesting and 
valuable results. The present hull is the third model 
tested by Constructor Richardson. Each mode! showed 
an improvement with respect to its effect upon the water, 
the final design passing along the surface at high speed 
with a remarkably slight disturbance. Naval Constructor 
McEntee and W. L. Gilmore of the Curtiss Co. contri- 
buted valuable assistance with regard to the N-C hull. 


Four Navy-Curtiss Boats AUTHORIZED 


It had been decided to call the new flying boat the 
“Navy-Curtiss” or “N-C,” the name indicating the joint 
responsibility for the craft. Design work had been ac- 
tively prosecuted since October, 1917. In December, 
1917, authorization was given by the United States Navy 
for the construction of four N-C’s. As the N-C was still 
an experimental machine in that a full-size model had 
yet to be constructed, the designs for the new flying boat 
were brought to Garden City, N. Y., where the experi- 
mental plant was located, and actual construction on all 
four boats was, with the exception of work done on con- 
tract, carried on at that place. The Navy had its head- 
quarters at the plant, and supervised the production in all 
its stages. 

The N-C-1, the first of the four ships to be completed, 
was flown Oct. 4, 1918. It will be appropriate while speak- 
ing of its performance, to indicate definitely its place in 
flying boat history. 

The America, as has been mentioned, was the first large 
multi-engined boat built. Succeeding it came the English 
H-12 and H-16, enlargements and improvements on the 
America, but following closely its original lines. The 
Curtiss Model T, also mentioned earlier in this article, 
embodied new ideas, but though it remains to date the 
largest completed flying boat known, its type has not 
been followed since. The N-C boats, almost as large, repre- 
sented the crystalization of past experience of both the 
Navy and the Curtiss organization, embodying, as they 
should, certain important changes. The shortened hull, 
giving greater strength and less resistance, and the 
mounting of tail surfaces on outriggers were the two 
most radical alterations from past designs. The employ- 
ment of Liberty engines should be mentioned, however, 
these being three in number, each developing 330 hp., 
and consisting of three tractors, one in the center and 
one on either side. These engines were mounted between 
the wings. Another feature of interest was the all- 
aluminum gasoline system installed. Box-section beams 
were also used for the first time in a large aircraft. The 
box tail system, comprising three rudders and two verti- 
cal and horizontal stabilizers, represented another new 
practice. It may be stated that the controls, considering 
the size of the machine, were thought to operate with 
remarkable ease and to respond to the pilot’s touch with 
unusual quickness. Finally, the disposition of guns was 
so effected that the completed machine had no “blind 
spot.” The boat was protected from attack from below 
by guns mounted over the side. 
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THE CONSTRUCTION OF THE 


THE MopeE.L F CurTISs FLYING BoaT, WHICH WAS THE FIRST TO BE 


DEVELOPED 


The N-C-2 was under construction before the N-C-1 
was finished, work having been begun upon it in the 
summer of 1918. It was different in details, some of 


NAVY-CURTISS FLYING BOATS 
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one pusher. The N-C-4 followed the latter arrangement 
from the start, as the decision to add a fourth engine 
had been made with the transatlantic trip in view before 
the N-C-4 had progressed to the point of engine installa- 
tion. The N-C-1 was changed to follow the three tractor, 
one pusher arrangement, and the N-C-2, as is known, 
was sacrificed to repair the damage suffered by the 
N-C-1 in a storm off Far Rockaway in March, 1919. 

The addition of a fourth engine affected the general 
design of the boats to no appreciable extent. A total 
weight of about 1500 lb. was added, however, and a 
carrying capacity of 1800 lb. net gain secured. The 
four-engined boats lifted 28,000 lb. It may be profitably 
remembered that the larger the boat the greater the load 
in proportion to size. 

With the fourth engine also came an increase in speed 
from a maximum of 80 miles per hr. at 22,000 lb. to a 
maximum of 95 miles per hr. with a loading of 24,000 lb. 


POSSIBILITIES OF THE PRESENT N-C Boats 


The original N-C-1 holds the world’s record for passen- 
ger carrying with a total of fifty-one persons carried. It 
was noted for the ease with which it negotiated long 
over-the-water trips. All that the original N-C-1 did the 
present N-C boats can do, and more. Three of them at 





them experimental, from the N-C-1. The engines, for 
instance, comprised one pusher and two tractors with the 
pusher in the center instead of three tractors. This was 
considered a slight improvement over the earlier mount- 
ing. More important was the installation of all engines 
so that they were not involved in the structure of the 
machine. The new mounting would not allow any engine 
to jar or crush or even to break from its own bracing, 
though any of these results would be highly improbable 
and the last practically impossible, without affecting 
the inter-panel bracing. Later the N-C-2 was equipped 
with four engines and these were arranged in two tan- 
dems of one tractor and one pusher each. The tandem 
arrangement is still preserved in the present engine 
mounting of the N-C-1, N-C-3 and N-C-4, which have 
two engines in tandem below the center panel, and a 
tractor engine on either side between the wings. The 
two tandem arrangement was successful and may be re- 
sumed in later types. The incorporation of two engines 
in one nacelle obviously cuts down resistance, doing away 
with two nacelles in a four-engine job. 

The N-C-3 and the N-C-4 were constructed between 
the autumn of 1918 and May, 1919. The N-C-3 originally 
had two tractors and one pusher, later three tractors and 


* Two-ENGINED F!1 
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ING BoaAT 


BUILT IN THE UNITED STATES 


‘he time of writing have successfully flown from Far 


Rockaway on Long Island to Trepassey, Newfoundland, 





ANOTHER STEP IN FLYING BOAT DEVELOPMENT, THE H-16 MODEL 








Vol. IV 





June, 1919 No. 6 





442 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 





tte «on Deel ae 
<a e rs 
ee eee eee ee 
nea gee ee \ 


' HEE nuuEelS 


li 


‘“—- 


THE N-C-1, THE FIRST OF THE LARGE TRANSATLANTIC TYPE TO BE 
COMPLETED 


with cnly one stop in the case of the N-C-1 and N-C-3, 
and two in the case of the N-C-4. The N-C-4 has made 
a continuous over-the-water flight of 15 hr. and 13 min., 
successfully flying from Newfoundland to the Azores, 
from the Western to the Eastern hemisphere. The N-C-3 
has reached the Azores under her own power though 
forced to alight on the ocean on account of fog. 

The heroic work of the American Navy has _ thus 
opened an aerial route overseas. It has also demonstrated 
that even in unfavorable weather large flying boats can 
attain difficult objectives, and that where it would be 
suicide for a land machine to fly, it is possible for the 
seaplane. The great boats and their skilful and daring 
crews stand on the threshold of greater achievements. 
With only 7 yr. of mechanical life behind them, including 








ancestry, the N-C’s and aircraft like them have done 
enough to suggest that their possibilities represent a 
mine of transportational efficiency, only the surface of 
which has been scratched. Nevertheless, the world will 
always look back upon the performances of Commanders 
Towers, Richardson, Read and Bellinger, and their com- 
panions in flight, as the most memorable in flying-boat 
and indeed in aeronautical history. Nothing like their 
achievement has been witnessed since 1492. In that year 
Europe discovered America. In 1919 America has redis- 
covered Europe. The new route to India has been found. 
All honor to those who have discovered it! 

The original N-C-1 may be described in detail as 
follows: 


Dimensions 
Rg, ae a aE a 126 
Te ge: a: re 25 4 
ROE, SOWEE PINE, TE. go cdc cccvsicetdaces 96 
CAMOEE, WOLN BORNGS, Bho sc cciicec recs vessnss 12 
GOO DECWECR DIMMGS, Th. in cccccccccceccscss 12 
Angle of incidence, both planes, deg. ........ 3 
Overall length of fall, fb. i. 2... cc cesscccs 44 8% 
Maximum width of hull, ft. ... 2... cccccee 10 
Maximum depth of hull, ft. in. ...6.0.s0s0- 7 5% 
Distance of nose from upper main plane, ft. in. 18 2 
Ce NE nk cond imaeeweeeseemse were 70 
OWNED MONEE: RG so a ceweavcuweedscs@ne neu 25 
Weights 
PE OI 8 oo rd ea Fan ecu ne aie dg 13,000 
Gross weight (fully loaded), lb. ............. 22,000 
ED TN a at ta 9,000 
Powerplant 
EO Oe CRIN ois. io 6S sac WbSe ns ose e005 Liberty Twelve 
PUI Or UNTIED 6 vain. ow hora 0 d0's Here ec anes 3 
eG ee 350 
Performance 
Maximum speed, miles per hr. ................ 80 
em WN SO NNN Tee cic aicwe occ basin cee ee es oi 2,000 
Maximum range of endurance, hr. ............ 15 


EDUCATION FOR MANHOOD 


VERYONE in the Army knows that it takes both brains 
K and physique to be a first-class private; real ones are 
rare, and as for commissioned officers, the average civilian 
has little conception of the efforts made or necessary at 
West Point. 

The most efficient school I ever attended was a school of 
Military Aeronautics at the Massachusetts Institute of Tech- 
nology, which is something worth the consideration of college 
professors and others. That school was conducted under 
strict military discipline, a discipline as strict as that of an 
army in the field, and any infringements brought immediate 
punishment. There was a well-balanced curriculum of physi- 
cal drill, mental work and training of both eye and hand; 
the last, for example, in assembling machine guns under a 
stop-watch, handling engines and spotting electric light 
flashes on a map to be reported by wireless. Under the 
trained hands of West Pointers, aided by the best civilian 
instructors, the men learned more rapidly than ever before 
in their lives, and they were forced to keep up their physique; 
they were obliged to walk and stand correctly, some of them 
for the first time. There is no doubt that a university could 
not be conducted as strictly, nor is it perhaps desirable; but 
that school may be used as an illustration of the directions 
in which our colleges are weak. No one could go through 


that institution without gaining a profound respect for the 
Army, not the half-trained volunteers, but the real Army 
that has noble traditions backed by brains and physique, of 
which the West Pointer is the standard among foreign sol- 
diers. 

There is not much doubt that our university education 
could be improved by teaching the students some accuracy 
of eye and hand. Accuracy and grasp of detail should not 
be despised by a well-balanced mind. The privilege of meet- 
ing successful men the world over has almost invariably 
impressed me that they have a wonderful grip of small things 
and are accurate to an unusual degree. Our universities 
and foreign universities are going to make a much greater 
effort than before to give technical education for most human 
endeavor. There will be much attention paid to organization, 
commercial and otherwise, because some nations have had 
painful lessons proving that these things are necessary to 
national preservation. 

Do not for a moment think that this is the last war; men 
who say so have small conception of world forces and less 
knowledge of what some nations have in mind. American 
soldiers today can only ask the nation that it will not waste 
more young lives by unpreparedness next time.—John B. 
Chevalier, in Harvard Alumni Bulletin. 








Vol. IV June, 1919 No. 





Suggested Rules for Local ‘Tractor 
Demonstrations 


tee the American Society of Agricultural Engi- 

neers has issued a set of rules and instructions for 
conducting local tractor plowing demonstrations. They 
are known as “Class A” rules and are designed to meet 
the needs particularly of county agricultural agents, 
agricultural institutions, dealers, distributors and manu- 
facturers for conducting tractor demonstrations of a 
local character only. 

The object of the “Class A” rules, as stated by the 
committee, is to make all tractor demonstrations of this 
kind comparable and of greatest educational .value. There 
is a great demand by persons conducting local demonstra- 
tions for standard rules and instructions to follow. 

The tractor testing and rating committee believes that 
the lack of uniformity of rules for conducting demonstra- 
tions in the past has made it impossible to secure satis- 
factory results. The following twelve rules, which have 
been copyrighted by the Society, have been suggested by 
the committee: 


PPM tce the its tractor testing and rating commit- 


THe RuLes 


(1) Entries—Only one tractor of each model of the 
same make may be entered, except where all tractors 
are owned and entered by farmers. 

(a) All tractors entered to be stock machines 
as regularly sold. 

(b) Each tractor should have a _ prominent 
placard not over 22 in. in height and 30 in. in 
width. If smaller size is used, the dimensions 
should be of similar proportions. 

(2) Time of Plowing—Public demonstrations to be 
from 1 until 4 p. m., or a total of 3 hr. (See instruc- 
tions) 

(3) Position on Field—Each land should be num- 
bered as soon as measured and each entrant should draw 
for position on the field. The number drawn entitles 
the entrant to the plot bearing that number. 

(4) Measuring Land Area—For calculating final re- 
sults, all land to be measured from outside to inside of 
furrow in each case. 

(5) Observers—Two observers are to be provided 
for each tractor in the field—one to keep account of 
the fuel used and the time elapsed; the other to check 
the depth and width of plowing. 

(6) Delay—A stop of more than 30 min. in the ag- 
gregate, due to tractor trouble, disqualifies any single 
entrant. 

(7) Depth—To be very carefully checked every 10 
rods. The A. S. A. E. Heylman depth gage is recom- 
mended for this purpose. 

(8) Width—The width of the inside plow should be 
checked frequently by the observer and the operator 
should be made to maintain a uniform width of cut. 

(9) Fuel—The test should be made on one fuel. If 
it is desired to make the run on some other fuel, the 
change should be made just before starting the test, 
which will eliminate the necessity of including a small 
fraction of gasoline in the final results. 

(10) Water—The total water used in the radiator, 
air washer and with fuel should be measured by the 
same method as used for getting the amount of fuel. 

(11) Travel—The observer who checks the depth and 
width of plowing will also check the speed at which the 
tractor travels. Allowance to be made for stoppage due 
to trouble. 


(12) Plows—The same plows with the same hitch 
and adjustments are to be used throughout the demon- 
stration without alterations. 


Any breach of these rules should disqualify the en- 
trant. 


INSTRUCTIONS FOR CONDUCTING DEMONSTRATIONS 


The committee has also prepared the following in- 


structions numbered to correspond with the numbers of 
the rules to which they apply: 
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(la) It is thought to be best and most fair to all 
concerned to allow but one tractor of the same make 
and model in these demonstrations. Each tractor 


should carry a placard giving the following informa- 
tion: 


PED ood Oana wats EE 6. sc csbsaers ae ewkieeon 
No. of Cylinders ..... on eee 
Normal engine r.p.m... Travel.... Miles per hr. ..... 
MEE 4 wale atrenniarenataacsats Travel.... Miles per hr. ..... 


The rate of travel at which the tractor is entered in 
the demonstration should be given in bold figures in the 
upper space; the other speed, if the tractor has two 
speeds, in smaller figures in the lower space. This 
placard is recommended but may be dispensed with at 
the discretion of the committee. 

Only one operator should be allowed on each outfit . 
and no one aside from the operator should be permitted 
to ride on or handle any part of the outfit. 

(2) To obtain reliable information and comparable 
data, it is believed that a 3-hr. run is necessary. The 
hours here given have been found to be the most satis- 
factory to get the best interest of the public. 

3) The fields for the demonstration should be as 
nearly typical of the local conditions as can be obtained. 
The soil is to be as nearly uniform as possible. 

It is recommended that the land be laid out with 
headlands at least 40 ft. wide at each end of the field. 
Land allotted to each entrant to be based upon the size 
and speed of the tractor used. Be sure to allow suffi- 
cient land for each entrant. All lands should be of uni- 
form length as far as possible. 

Entrants should not be required to finish lands as a 
part of the test but may do so at the completion of the 
3-hr. test. 

Proper marking of lands should be provided by 
stakes at each end and each land should be numbered. 
The entrant may use any number of intermediate stakes 
for striking out the back furrow. Sufficient time should 
be allowed the entrants to scour and adjust their plows 
before the 3-hr. run. This should be done, if possible, 
in the same field in which the demonstration takes 
place or under similar soil conditions. The outfit should 
be adjusted end made ready before the actual demon- 
stration is started. 

(4). All land will be measured alike to obtain the 
area plowed. The width should be checked in several 
places and the average taken. 

(5) Two observers should be provided for each entry. 
Local men usually may be secured for observers. They 
should be carefully instructed beforehand about the 
work they are to do. One should check the time and 
fuel used and the other the depth and width cut by 
plows. 

(6) The time of all stops during the 3-hr. run should 
be taken and if such stops total more than 30 min., due 
to tractor trouble, the entrant should be disqualified. 

(7) The A. S. A. E. Heylman depth gage is recom- 
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mended for measuring the depth of plowing. This may 
be made by any carpenter. 

(8) The width cut by the inside plow should be very 

- carefully measured and the operator should be made to 
maintain a uniform width of cut throughout the run. 
The distance between the rolling coulter and the furrow 
wall of the inside plow when in the ground should be 
equal to the distance between the rolling coulters of the 
other plows. 

(9) Arrangements should be made to supply all fuels 
for the demonstration from a common source. When 
the tractors arrive in the field, all tanks should be 
drained and refilled from this source. This precaution 
is necessary because of the difference in fuels. After 
tractors are warmed up the fuel to be used in the 3-hr. 
run should be turned on just before starting the demon- 
stration. This will eliminate the small fraction of 
gasoline which would otherwise have to be accounted 
for. 

It is recommended that the local committee provide 
the following measuring apparatus: Two 5-gal. cans, 
two 1-gal. cans, two graduated %4-gal. measures and two 
1-pint measures. 
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The tractor should be set level and both fuel tanks 
filled to the lower edge of filler hole flange. The fuel 
to be used in the 3-hr. run should be turned on at this 
time. 

At the completion of the test both tanks should again 
be refilled to the same level, keeping accurate count of 
the quantity of fuel put in. This, then, represents the 
amount of fuel used during the run. 

(10) Any water used, whether for fuel or in the 
radiator, should be recorded. 

(11) The rate of travel of the tractor will be ob- 
tained by the observer every other round and the aver- 
age from these observations will be the plowing speed. 
The time required for making one trip across the field 
between headlands, discounting all stops, will give this 
when the length of the field is known. The rate of 
travel while turning at ends will not te taken, although 
this should be included in the time of plowing. 

(12) The same plows with the same hitch and ad- 
justments are to be used throughout the run except in 
case of breakage and then care should be used that ad- 
justments are not disturbed. 


TESTING THE GASOLINE CONTENT OF NATURAL GAS 


TT. HE Bureau of Mines, Department of the Interior, has 
designed at its petroleum experimental station in Bar- 
tlesville, Okla., a testing device for determining the gasoline 
content of natural gas. This apparatus is now in use and 
has been found to give exceedingly good results on gases con- 
taining as little gasoline as 10 gal. per 1,000,000 cu. ft. 

A valuable feature of the device is that with four com- 
partments, the last one can be used to ascertain whether the 
absorbing medium of the first three compartments has com- 
pletely removed the gasoline from the gas. This is accom- 
plished by keeping the percentage of saturation in the fourth 
compartment around a fraction of 1 per cent. Under such 
a condition an individual test can be made on the gases dis- 
charged from the first three compartments in which the satu- 
ration almost always rises to a point between 1 and 11 per 
cent of the total volume of the liquid. 

In a test made recently by the Bureau to determine the 
value of certain gas in the notoriously dry gas field of south- 
ern Kansas, the apparatus checked itself consistently, prov- 
ing recoverable yields of 10 to 60 gal. per 1,000,000 cu. ft. 
The same apparatus is used in testing the residue gases 
which have been treated in absorption plants which also at 
times run as low as 10 gal. per 1,000,000 cu. ft., but in gen- 
eral if the gasoline is extracted to 20 gal. plant operation is 
considered very satisfactory. Although part of these 20 


NEW RUST-PROC 


ROF. BARFF in a Swiss engineering journal publishes a 

method of protecting iron from rusting that is more 
durable than any yet known. The iron to be treated is ex- 
posed at red heat to the action of superheated steam. This 
gives a surface coating of black iron oxide that is a complete 
protection against rusting. The protection thus afforded de- 
pends on the temperature of the steam and the length of the 
treatment. The coating is very hard, adheres very firmly 


gal. can be extracted by well-known methods, the cost of the 
installation needed, the exceedingly close attention required 
and the extra labor expenses make it doubtful if real econ- 
omy could be obtained by such procedure. 

With this testing apparatus over 150 tests have been made 
by the Bureau on between forty and fifty different gasoline 
plants, mostly of the compression type, but also including a 
number of absorption plants and combination compression and 
refrigeration installations. Of these the simple compression 
plants showed the poorest extraction and indicated that prac- 
tically all of them could profitably add an absorption unit to 
treat their residue gases. Plants using naphtha for blending 
stock are especially well situated to pass their high pressure 
through this medium, cases being known in which 50 to 51 
deg. Baumé naphtha is raised to 63 deg. Baumé by this 
method. Where naphtha is not or cannot be used, a heavy 
cut of oil must be circulated and the gasoline distilled from it. 
The installations are not overexpensive considering the re- 
turns. 

The testing apparatus has been used successfully not only 
on residue gases but on those coming from coils used in con- 
densing still vapors, gases from weathering, blending and 
stock tanks, vapors from cars being loaded and in fact from 
any place where agitation causes evaporation losses in gaso- 
line. 


FING METHOD 


and shades off inappreciably into the changed mass of the 
iron. 

If the iron is exposed in a chamber heated to 260 deg. cent. 
for 5 hr. and acted on by superheated steam, a coating is 
formed that will withstand the action of emery paper for a 
considerable time. If the temperature is raised to 650 deg. 
cent. and the time of treatment to 6 or 7 hr., the surface 
coating will resist the action of a file. 
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Aircraft Radiators 


By ArcuiBaLtpD Buiack! (Member) 


AERONAUTIC MEETING PAPER 


’ QHE earliest radiator used on a successful airplane 
for the cooling of an internal-combustion engine 
was the flat-tube type installed on early Wright 

machines. This radiator, which was very much the same 

as the one used on the Wright Model B, consisted of flat 
tubes set vertically between the wings of the machine, 
as is clearly shown in the illustration. 

Closely following the Wrights, the Aerial Experiment 
Association, consisting of Glenn H. Curtiss, Dr. Graham 
Bell, J. A. D. McCurdy and others, built the “June Bug,” 
a small biplane, using a honeycomb radiator mounted in 
front of and slightly higher than the engine, in a man- 
ner only slightly different from some of our present prac- 
tice. An early U. S. Navy plane with an installation of 
this type is shown in one of the illustrations. 

Over in France Le Vavasseur installed on the “An- 
toinette” monoplane a radiator consisting of a series of 
long tubes running fore and aft and mounted on the side 
of the fuselage. 

The three types just described are so thoroughly typical 
of the various early installations that it appears unneces- 


Aeronautical mechanical engineer, Navy Department, Washington 





RADIATOR INSTALLATION ON WRIGHT MopEL B 


Illustrated with PaoroOoGRAPHS AND DRAWINGS 





EARLY U. S. NAVAL AIRPLANE SHOWING RADIATOR INSTALLATION 


sary to refer to any others, and the remainder of this 
paper will therefore be confined to existing practice. 


MopernN Rapiator INSTALLATIONS 


In general, six types of mountings for aircraft radi- 
ators are used today and a brief description with illus- 
trations of typical cases follows. 

Type 1 The installation of the radiator in front of 
the engine and on the nose of the airplane fuselage is one 
of the commonest of present methods of disposing of this 
question. The radiator is of the honeycomb type and 
part of the radiation is cut away to permit the crank- 
case extension to project through. 

The Christofferson tractor, L-W-F model V, and also 
the Curtiss models JN-4 and R-4 are typical examples 
of this mounting and a similar radiator is used on the 
LWF model V-1. In addition to these radiators, there is 
a fuselage nose radiator in which the radiation has been 
bent to a curve. 

Type 2 An installation used largely on pusher-type 
flying boats places the radiator in front of the engine. 
The Curtiss model HS-2-L is an excellent example of this 
type. 

Type 3 An installation much used on German air- 
planes and also used, but not extensively, in this coun- 
try, is the mounting of the radiator on or just below the 
nose of the upper wing. The Sturtevant and the L-W-F 
model G-2 radiators are examples of American applica- 
tions. It should be noted that the upper water pocket of 
each of these radiators forms the nose of the upper wing, 
thus eliminating the air resistance of this pocket. This 
improvement was introduced by the Sturtevant Aero- 
plane Co. 

Type 4 Another installation popular in this country 
at one time, but discarded of late, calls for the placing of 
a tall, narrow, honeycomb radiator above the engine and 
extending to and often above the upper wing. The 
Wright-Martin model R and the Standard model J are 
good examples of this. 

Type 5 Another method not now in use was to place 
the radiators on each side of the fuselage. The Aero- 
marine training model is an excellent example of this 
type. The Standard installation is a compromise be- 
tween this and the previous method. 

Type 6 The latest development in radiator installa- 
tion, introduced in the last two years by the German 
Albatross designers, consists of setting the radiator in 
the upper wing and in some cases making it conform to 
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the wing curve. 


Manufacturer 


Livingston 
Radiator 
Corporation, 
New York City 


Rome-Turney 
Radiator Co., 
Rome, N. 


G. & O. Mig. Co., 
New Haven, 


Conn 


Co., 
New Haven, 
Conn. 


Mayo Radiator 
Division, 
Marlin-Rockwell 
Corporation, 


New York City 


Schutte & Koerting 
Co., 
Philadelphia, Pa. 


Ajax Auto & Aero 
Sheet Metal Co., 
New York City 


*Estimated from other sizes. 
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This installation in my opinion may be- 
come the ultimate solution of the radiator problem, as 
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Water Dimensions 
Passage, of Air 
In. | Cells 
| 
0.040 14 in. sq. 
0.055 ig IN. Sq 
0 040 4 In. Sq 
0.055 ig IN. 8q 
0.040 } 14 in. sq 
0.055 Ps in. sq 
0.055 Vo in. sq 
About 3's 0.27 in.x 0.265 
in 
0.0450 | 0.2575 in. sq 
0.0625 ().212 in.x 0.274 | 
in. 
7s in. | 14 in.x-4s in. 


| 





0.0400 


it has much to commend it. 
structural difficulties through interference with the in- 
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TABLE 1—CHARACTERISTICS OF TYPICAL AMERICAN MAKES OF HONEYCOMB RADIATION 


Remarks and 
Section Used 


Livingston. Type A in 
| illustration 


a 
|'Rome-Turney Honey- 
comb. Type B in 
illustration 


G. & O. Diagonal 
Type E in illustra- 
tion. 


G. & O. Square Wire- 
less. Type C in il- 
lustration 


English & Mersick. 
| Type C in illustra- 
tion 


| Type C in illustration 


\Multitube. Type L in 
illustration 





(jax Regular. Type B 
in illustration 


Ajax Large Cell. Type 
K in illustration 
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duction at moderate cost. It is made in a considerable 
number of forms, by many American manufacturers. 
The Gallay radiation is made by a British frm. The 
Flexo radiation is more or less flexible. The Harrison 
tubular, Multitube and similar forms are built up by 
soldering small tubes together. This latter type of ra- 
diation has been standardized by the British because of 
its manufacturing advantages and performance. Table 
1 gives the characteristics of several American types of 
honeycomb radiation. The sections referred to are 
drawn slightly out of proportion to show the water spaces 
clearly. 

Tubular The use of the tubular type of radiation, 
consisting of water tubes with radiating fins, has been 
largely confined to installations where the: radiator is 
mounted on the side of the body. This type of radiation 
is not used extensively in aircraft at present, for reasons 
5 — which will be stated later. Table 2 gives the character- 


RADIATOR USED ON THE ANTOINETTE MONOPLANI 








ternal wing wiring, but these difficulties are by no means 
insurmountable. 

The Albatross, a tubular type, and the Le Pere, a flat 
plate type of radiator, will be described in detail later in 
this paper. 

Some wing-curve radiators have been constructed out 
of standard honeycomb radiation. The L-W-F mode! 
G-2 experimental radiator is a good example. While this 
radiator was a trifle too small, it proved that honeycomb 
radiators could be used successfully in this manner. The 
Garford Co., Elyria, Ohio, and Capt. V. E. Martin have 
also tried some similar experiments. 


MOpDERN Tyres OF RADIATION 





Honeycomb The honeycomb type of radiation is at 
present the most used, largely on account of its adapta- 
bility and of the fact that it is well suited to large pro- 


FUSELAGE NOSE RADIATOR ON THE L-W-F MopeL V AIRPLANE 


istics of the Rome-Turney, an American type of tubular 
radiation. 

Albatross The following data obtained from the ra- 
diator of a captured Albatross machine may be of in- 
terest. The radiator consisted of 650 flattened copper 
tubes running laterally across an opening in the wing. 
Water entering the upper part of the right-hand water 
pocket flowed through the upper tubes to the left-hand 
water pocket and returned through the lower tubes to 
the lower part of the right-hand pocket. The top and 
bottom of water pockets were designed to set flush with 
the wing surfaces, and the radiator was supported 
by cast brackets, riveted to the water pockets, which 
rested on the wing beams. As stated, the tubes were 
flat and the flat sides were set at an angle of about 40 deg. 


TABLE 2—CHARACTERISTICS OF A TYPICAL AMERICAN MAKE OF 
TUBULAR RADIATION 
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s |2. 18 |selse [2s3e4 (3. 
sil oS |3 [Bilge |Z [SR 

Manufac- | 22) #5 [S| 28 |CSS| F28/s -e) bg 
turer eS dle es Co laeqe |Ss0/82 = 

=| #2 |S [S5/€8 |.Sm5, 88 | Se 
av|s |S |RSS |Seslse iz 
| S | Sis |e kal S [Fe 
} } 

_ - = = = — | ~ - | -— a od _ — i—— — 
Rome- || 0.020 | ¥ |0.010| 34 | 52.23|0.174 [0.038 
Turney 3g |<0.020 % | 73.03) 0.219 0.038 
Radiator |\0.026 |) 4 ie 73 .03) 0.243 |0.035 

Co., 6 | 0 .022 (| 10.012}; 1 89 .54| 0.286 |0.070 

Rome, |\0.028) | 1 | 89.54! 0.317 |0.067 

Y r ‘ 3 | | -- > ee 

FUSELAGE NosB RADIATOR ON CHRISTOFFERSON TRACTOR N.Y. 54 | 0.041 8 | 1% |144.77|0 641 |0.152 
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RADIATOR USED ON THE 


L-W-F Mope.t V-1 AIRPLANE 
to the wing chord. 
the front. 

The weight of the radiator was 271% lb. and it held 24% 
gal. of water. It was used in conjunction with the Mer- 
cedes i60-b.hp. engine and a 14-in. connection was made 
between the rear cylinder and the radiator expansion 
tank to prevent a steam pocket when diving, the main 
water connection being made to the front of the engine. 

The areas of the radiator, probably the lowest per 


brake horsepower on record, worked out as follows, based 
on 160 b.hp.: 


pe 45.65 
b.hp. of engine 

Area of exposed casing... 2.965 sq. ft. 
b.hp. of engine 


An expansion tank was provided at 


sq. ft. — 0.285 sq. ft. per 


0.0185 sq. ft. per 


WOU GTO 5.5 6055.-. 48.615 sq. ft. 
b.hp. of engine 





0.3035 sq. ft. per 


Plate The plate type of radiation, such as is used 
in the Le Pere radiator, consists of hollow flat plates 
through which the water circulates, while the air passes 
between them. In general it is made up of a series of 
these hollow plates set parallel, on edge, and spaced about 
9/32 in. center to center. The plates are connected to 
distributing and collecting headers and are built up out 
of two flat and parallel sheets of copper separated by a 
central corrugated copper sheet. The process of manu- 
facture, which is very ingenious, is as follows: The two 
flat and the center corrugated plates are clamped to- 
gether with sheets of solder foil between the copper 
sheets. The temperature is then raised to above the 
melting point of the solder and the foil fuses, fastening 
the three plates together. The completed plates are then 
assembled with the collecting and distributing pockets. 
The central corrugated sheet makes the plates sufficiently 
rigid to eliminate the necessity for external bracing. 
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This construction is a French invention. 
radiators of this type are given in Table 3. 

Although this type of radiation has been used in this 
country only in the Le Pere and U.S.D.-9 radiators, 
both of which are set into the upper wing, it is also well 
adapted to other methods, such as mounting on the side of 
the body, or below the upper wing, etc. 
cient type. 


Data on some 


It is a very effi- 


THEORY 

In his several papers (references Nos. 5, 6, 7 
list appended to this paper) F. W. 
ter, the English engineer, has developed the theory of 
cooling cylinders of internal-combustion engines with 
the thoroughness which has characterized his many con- 
tributions to engineering knowledge. His 
it might be mentioned, include direct radiation, as is 
used in the air-cooled engine, as well as indirect or water 
cooling. 

A shorter discussion of radiator theory will be found 
in the article, “Notes on Radiators for Airplanes,” by 
Lieut.-Commander J. C. Hunsaker, U. S. N. (reference 
No. 2). This paper, although written early in 1916, is 
very complete and contains some very interesting matter. 
Among other things he discusses the possibility of us- 
ing a steam cooling system and shows that from the 
point of view of size of radiator it would have some ad- 
vantages. Against this must be considered the fact 
that an engine operating at the high temperature re- 
quired would most probably show a slight decrease in 
horsepower, and also that the use of a steam cooling 
system would greatly increase the danger of faulty cir- 


and 


8—see Lanches- 


discussions, 





4 


(s 


SSAA NAAR AAA BALE ALS LS / 777, 


aeaaaee 


Reeeeeeeeecerecey 
BAIA NWS 
SOOO P A At LE LY 


On 
oe, 


> 
SANNA AAAs SPAS 


‘\ ‘ . Ay MAASMA SAAS AAS SS Af Pd ?. Pad Fd 


~ eA 
a oe 


\\ASARSNASSR See AA AAA 


8 


~ SAAAAANANASAAA Steere ee AA 


KKK 


‘ : 
‘ 
. € 
. 
; | 
96 P| 
: ae , 
SPEER 
> -* 


waveve ete 4 ‘6 '6 


FUSELAGE Nose TYPE OF RADIATOR MADE OF FLEXO RADIATION IN 


WHICH THE HONEYCOMB Is BENT TO A CURVE 





ENGINE 


AIRPLANE 
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COMPARATIVE P! 


















z Low ALTI- Surrace (Sq. Fr.) Factors 
2 TUDE SPEED, ARRA, Weiacur. PROBABLE AIR 
2 MILEs Se. Fr. Le Speep RELATIVE eee 
Ref. = per Hr. To RADIATOR, 
No. Make x Make Type | Mies per Hr. Area xSpeed | AreaxS 
and 2 and _ Location and Air Depth, - : x Temp Dit 
Model 3 Model — Make Cells In Area B. Hp. <n 
=| = B. Hp. 
z |O Cooling | Emp- B.Hp. —- ——_—. 
S 3 |2] High Face {Surface ty Full During High High 
=< é Climb Speed Climb} Speed | Climb aust, 
| 
1 2 3 4 5 | 6 7 8 9 10 12 13 14 15 | 16 17 18 19 20 21 22 
; 
: ee : ‘ — , ‘ 7 — — : : , — 
l 'Thomas 8 140 |L-W-F, V | 45/*56 90 |Fuselage nosejAjax, Honey- "xi?" 3.90000) 131.00} Aver. | Aver 93 108 0.9360 87. 00}101. £0}10 005/10 110 
and in slip-| comb ( 77 107.80 | 
stream / 
‘ Thomas 8 140 |L-W-F, V 45)*56 90 Fuselage nose|Ajax, Honey-| #$%”xd%” 4.10000} 137.80 93 108 0.9840 91.50} 106.30) 10 ,065)16 ,100 
° and in slip-| comb 
stream 
p Curtiss OXX-2} 100 |Curtiss 43]*51 75 Fuselage nose}/Rome - Tur-| 0.270’x 2% 3.16000} 138.20 } 79 90 1.3820 109. 201124. 40 
3 JNA and in ship-} ney Honey-| 0.265” Tt 
stream comb 
3Curtiss VX |} 160 |Curtiss *50)*57 80 |Fuselage nose|}Rome - Tur-}| 0.270’x 334 4.23000] 186.00} 85.0 |118.00) 85 96 1.1620 $8. 80)111.50 
4 R-3 and in slip-| ney Honey-| 0.265” + 
stream comb 
‘Sturtevant 145 |Sturtevant | 48)*55 75  |Leading edge of| Honeycomb About 3 2. 69000) *107. 60 | so. | 90 *0.7420 59.30) 66.75 
5-A S44 upper wing 14” square t 
5 {Martin S | 40)*49 75 |jOn upper wing|Flexo Honey-| [rregular 27% 3.52000] 84.10 78 90 0.5100 39.80} 45.90) 
. in slip-stream| comb shape 
L-W-F, 45|*57 92 {On leading edge|Ajax Honey-}] $}’x3%” 4 2.64000} 118.30} 56.0 | 87.00) 57 92 0.7180 40.90} 66.00] 4,704) 6,600 
6 V-2 upper wing} comb 
, Hall-Scott 165 aut of slip- 
A-5-A | stream 
< | L-W-I 451*57 92 {On leading edge}Ajax Honey- $2"x}8” 4 3.33000] 149.20 57 92 0.9050 51.60} 83.25) 5,160) 7,075 
= & V-2 upper wing} comb 
out of slip- 
} F stream : . : 
9 *|iberty Exper-| 220 |L-W-F. I 45)*63} 115  |On leading edge| Ajax Honey- oxi} 4 4.06000} 182.00} 86.0 |139.00) 63 115 0.8270 52.10] 95.00] 6 ,250| 9 975 
imental 8. upper wing} comb | 
(High com- | out of slip- 
pression) stream e ’ 
10 Liberty Exper- 220 |L-W-F, F | 45/*638 115 Leading edgejAjax Honey-| }}’x}{” 4 2.26000} 101.20} Figure of no |67°% = 63167°;, =115| 0.4600 37.271 56.60} 4,470 6 ,226 
imental 8. upper wing,| comb value as 3% = 1 17}33°, =138 | 
High com- about 34 in radiator 
pression) slip-stream partly Mean= 81|Mean=123 i 
covered 
11 8Liberty 12 327 |L-W-F,G |*48)*69) 130 |Leading edge Ajax Honey- o"x}t” 4 2.38000} 106. 30} Figure of no 133° o= 69 33° o = 130 0.3260 35.87] 47.90) 5,740) 7,185 
Low com- upper wing,| comb value as 37° =1301679> =156 
pression) most in slip- radiator 
stream partly Mean = 1 10} Mean = 147 } 
covered | 
‘i *Sturtevant 145 |L-W-I 45|*57| 92 |Fuselage nose|Ajax Honey-| 42"x}2” 3 3.67000] 123.30 96 110 0.8500 | 81.60] 93.50) 9,383! 9,350 
7 V-1 and in slip-| comb 
stream : 
13 ''Hall-Seott 110 Standard Above engine in| Flexo (?) Irregular 5 1.50000) *68.70 *0. 6250 
A-7-A slip-stream shape (if | (If Flexo) 
Flexo) 
1g [Liberty 12 430 |L-W-F, 50/*71] 135 |Upper water|Ajax Honey-| 3%"x}?” 5 3.75000} 210.00] 88.0 |155.00}25% = 71/25% =135| 0.4880 | 58.60| 75.70] 7,320] 7 
High com- G-l pocket built] comb 75% =136175°% =162 
pression) ; into edge of — 
upper wing, Mean = 120} Mean = 155 
nearly all in 
slip-stream 
15 ul 140 i[n curve of wing} Motor Radia- 4 in 414 2.89000} 130.00} 45.0 0.9280 
” tor Co. diameter } 
Multitube 
Honeycomb 
16 \2Siddeley 210 |British *55/*69| 112 |Pivoted below|Motor Radia- Y in. 4 2.08000} 83.20 117 134 0.3960 46.30) 53.10 
DH-4 fuselage,allin} to- Co. diameter 
slip-stream Multitube 
Honeycomb 
17 sLiberty 12 Prob- |Standard ,; 60|*77 128 Fuselage nose in| Livingston i sg 4 5.55000} 311.00 132 154 0.777 102. 501119. 60 
. (High com-| ably Co. ) slip-stream Honeycomb in. t + + 
pression) 400 DH-4 cl. 4+ el. 
18 ‘Liberty 12 Prob- |Standard 60)*77 128 |Fuselage nose in} Mayo Honey-| Probably 47% 6. 16000}*432.00} 96.0 132 154 *1 O800t 1142.50]166.40 
(High com | ably Co. slip-stream comb 0.275"x t + t 
pression) 400 DH-4 0.275” 
19 '5 Mercedes 160 |Albatross In curve of up-|Tubular Space Same as Aver 48.62] 27.5 | 48.34 0.3035 
. per wing, between wing 2.08500 { 
probably in tubes curve 
slip-stream : 
20 Liberty 12 385 |Curtiss, 57|*65 87 In front of en-|Livingston is in. 5 5.60000} 336.00} 96.0 [165.50 65 87 0.8730 56.70) 76.00) 6,237} 7,23 
(Low com- L-W-F, gine (pusher| Honeycomb] cl. to cl. 
pression) HS-1-L type) not in 
slip-stream 
21 '7Mercedes 260 |Friedrich- |*50)*61 93 |In front of en-| Honeycomb {”"x'4” | Probably | 1.79000}*143.00 61 93 *0.5500 33.55] 51.20 
' shafen gine nacelle about (? (?)t ; t 
Bomber (pusher) not 4 to 5 in. tT 
in slip-stream 
- '8Rolls-Royce 360 {British 57|*65] *87 [In front of en-| Honeycomb . yl Se 9. 30000 94 104 } 
” Series 8 F-5 gine in slip- ' 
stream 
‘a In front of en-| Probably Probably | 0.02555 If Flexo 
23 gine in slip-| based on 314 or 4 per 3.5” =0.746 
| stream Flexo in. B.Hp 4.0” =0.850 
- \9Hall-Scott Prob- |}On leading} Probably Probably | 0.02048 If Flexo 
24 A-5 A-5-A ably less |} edge of up-| based on 314 or 4 per 3.5” =0.598 
A-7 A-7-A than 90 per wing Flexo in. B.Hp. 4.0” =0. 682 
a 'On sides of| Probably Probably | 0.03575 If Flexo See” 
~~ J body in slip-| based on 316 or 4 per 3.5” =1.043 
} | stream Flexo in B.Hp 4.0" =1.190 
oan On fuselage |Rome - Tur-4 0.270"x ' 1.0800 es 
0 nose in slip-| ney Honey-} 0.265” 
| stream comb 
ae On side of fuse-/Rome - Tur- 0.8500 : a 
- - lage in slip-| ney Helical 
| Prob- || stream Tube 
og: t|Several several -Jably less}; Honeycomb 2.7000 evidelntly s 
6 than 85 too high 
an: | . Flattened . ; 2.0000 ; P 
| | Aluminum | evidently 
| Tubes too high 
! 
| | | 





TABLE 3—AIRCRAFT RADIATORS 






























































































































































i} 
COMPARATIVE PERFORMANCE | ENGINI AIRPLANE 
| | | 
Surrace (Sq. Fr.) Factors TemPeRaTuRE aT Low Avtirupg, Dec. | WEIGHT PER | > | Low ALTI- 
Am FAHR | B.Hp., Ls. : | TUDE SPEED 
LA TIVE aol | ae MILes 
DIATOR, | Probable | Ref } = } per Hr 
er Hr. Area XSpeed | Area <Speed = Radiator Inlet | Mean | 1} No Make Be. Make | 
< Temp. Diff = Throttle Open Temp } and ‘ie and | Loca 
Area B.Hp © Diff. | | i Mode = Model } 
B.Hp. o Empty | Full = |} E } 
B.Hp 3 | x | 
High High ) High ‘ | High 1] | & | 
Speed Climb} Speed | Climb} Speed <= | Static | Climb | Speed H 5 
5 | 
; | | _| | | | 
17 18 19 | 20 | 21 | 22 | 23 | 24 25 2% [27/28] 2 | 3 ft 1 ) , | 4 5 | ¢ - 
: | | | } | | | | 
| | | — | | | | 
108 0.9360 87. 00}101 10}10 005} 10,110) *80 85! *190 195} 185 115) 100) 0.5530] 0.7700 || 30% ) | Prob- |Le Pere 1*50|*72| 136 [In upp 
| | | | i} | ably Fighter | at slhig 
‘ -| } = es 400 in sliy 
108 0.9840 91.50} 106. 30) 10 ,065)10 ,100) *90 95) *185-190] 110) 95 } | } 
| | | | $123 | | Prob- | Le Pere 1*501*72 136 In upp 
} | | ably Fighter } | at slig 
90 1.3820 |109.20}124. 40 | | 400 | | in ole 
; j | | |Liberty 12 | | 
, | 32 High com-}|Prob-|USD-9 —|*55) 73] 125 [In upp 
96 1.1620 98. 80)111.50 | | 0.5310} 0.7370 pression ably Modi- | | at slis 
| 400 fied | | in sliy 
7 nO ¢ 6 >R | oa | DH-9) | 
90 *0.7420 59.30) 66 75] | | | 185 | | 3324 | 430 |L-W-I | 501*75 135 In curv 
| Or | | | ca’ [Oy _s 
90 0.5100 | 39.80] 45.90 | 
| | | | 
92 0.7180 40 ool 66.001 4 704} 6 .600} 80-90 1190-210 185+ 115) 100] 0.33901 0.5270 7” 430 I “W-l : 50°75 135 {fn = 
“ool Siew ae — oe 5 an oy Oe ee G-2 per W 
| | | 
35 |?6Hispano- } 150 [Standard 50}*63} 100 |On fu 
ao . “<< » onl > anal | - | | | | Suiza | Aero E-4 | nose 
2 0.9050 51.60} 83.25] 5,160} 7 ,075) 80 90 | 170 100) 85 | Mail | strea 
| | } Plane / 
| | 36 “urtissOX | 90 {Curtiss 43]*51 75 lie JN- 
° ‘ ee gee Pree : , | (Prob- | ({Basjed on JN} fusel: 
115 0.8270 52.10} 95.00) 6 250) 9 ,975} *80-85} | 85-190] 120] 105) 0.3910] 0.6320 ably } { ee 
| JN-2 | stres 
| } | || 37 Curtiss OXX-2} 100 [Curtiss 43) *52 *78 |On fuse 
: | ll | | | | | 1 | JN-3(?) | in sli 
67°, =115 0.4600 37.27) 56.60] 4,470) 6,226) *65-70) 180 120) 110 | 
33% =138 38 ‘Curtiss VX 160 |Curtiss 
| | } | | | | | 
Mean = 123 | | | | 
} 39 Or 140 
33% =130) 0.3260 35.87] 47.90] 5,740) 7,185] *20 | | 170 160} 150) | | 
7% =156 | } | | } ; FY 
i | | 0 3Curtiss OXX-2] 100 |Burgess | | 
Mean = 147 | | | 4 X iBu | 
| } | | ! 
110 0.8500 | 81.60} 93.50) 9,385] 9 ,350| 185-187 | 115] 100 1} 41 = | 8Liberty 12 420 | Bristol *55|*76! *140 [On fuse 
| 1] High com-| lighter } in shi 
” aii | | | } | | pression | | 
0. 6250 H } | | | 42 Liberty 12 | *385 |Curtiss | 55)*65 95 In fror 
If Flexo | | | | 1] Low com | H-16 ainn 
ORC — : lose 5 7 aonl 7 1 -} “ | - orl _— : pression Te strea 
25% 135 0.4880 | 58.60) 75.70) 7 320) 195) 70-80} Boils 170 125 5) 0.20501 0.3610 13 Liberty 12 *385 Curtiss | 571651 87 IIn fro 
75% = 162 | | } — | Low com- HS-1-1 | | ine 
min | } yression | | o 
Mean = 155 | “4 4 = Sd 
| i | 44 27(‘urtiss VX-3 200 {Curtiss | 48|*59) 90 On fuse 
| | | | | R-4 | } in sl 
_. 9280 | 1 0 3220) 
| | | 45 | | On 
| | | | nos 
5 | | | | str 
134 0.3960 46.30) 53.10 | | | | | | } 46 | | 1) Ona 
| | | I} | Prob lag 
| | ro ag 
. 4 sSever several | ably less 
‘ mitie d | } ’ | 47 than 90 || Over! 
154 0.7770¢ }102.50}119.60 | | | | } | | } | | sliy 
; f : 4 
} | | | | | } | | } 
| | | | | tS | | | | Over 
154 *1.0800f [142.50)166. 40) | | 0. 2400 | | 
ae. 8. es “a | | 
, | } } } | J l} 49 | Ro!ls-Royee } 250 |Handley- *55)*64 *90 =1On six 
0.3035 | | | | 0.1720) 0.3020 | | | Page lage 
1 | | | | } | | | | } | | | slip- 
| \ | | 1} 50 /%salmson A-9 | 230 ;Paul | On lee 
> Z ee F | . = 4 | , 7 1} | Schmitt | | | of u 
87 0.8730 56.70) 76.00) 6,237) 7,220) *60-70) |} 160 | 110) 9 | 0 2495) 0.4300 | } in s 
} 51 | Aviatik } On les 
| | | i | of u 
| | 
. aa = | | | j | | | | in 8 
93 *0. 5500 ) 33.55) 51.20 | | | | | | 32 Liberty 12 } 385 jCurtiss 3 |*64) 95 In fre 
yt 1 ' | | | | | | Low com- | H-12 | | gin 
| | | | | pression in § 
| } | | 53 Liberty 12 B85 lcurtias 531*64 95 In fr 
104 | | | (Low com- | H-12 } } gine 
| pression | in s 
, | | | | | 54 | Hispano Suiza | 150 |Curtiss 44/*53) *S0 Above 
Sate fa 7 | N9 | | | slip 
3.5” =0.746 | | | j | | | 
4.0” =0.850 | | | | |})7_e____———"— : = 
If Flexo | | } | | | | | *Estimated Data. Semperature Data Very Approximate. 
3.5” =0.598 } | | | +See note 
4.0” =0. 682 | | | L-head engine cast-iron cylinders. Housed and ventilated 
If Flexo | L-head engine, cast-iron cylinders. Housed and ventilated 
3.5” =1.043 | } | | 1} Areas do not exactly check data on radiation used. Based on 
40” =1.190 | } | | 1] ‘Overhead valves. Area estimated assuming 40:1 =surface : fz 
1.0800 | | | Approx.| Approx ‘Overhead valves. 
| | | | 0.5500} 0.6800 | Overhead valves. Cylinder heads exposed to slip-stream 
| } } | Overhead valves. Cylinder heads exposed to slip-stream. Sat 
|} 0.8500 | | | | | Approx.| Approx 8Overhead valves, cylinder heads exposed. An old radiator par 
| | } | | 0.5500} 0. 6800 *Overhead valves, housed in and ventilated 
| | | } | Make of radiation not certain, probably Flexo, 5'4-in. section. 
2.7000 evidejntly } | | ‘ | | 1} Designed from British data. Tubes 60 deg. to chord Motor Ra 
too high | | | } } 1] 2D. W. Douglas data. 
2.0000 | { | a | | ' } Section used uncertain, assumed = ¥ in.x)s in. Radiator pre 
evidently | | | | | } i 1 Probably oversized. Section used uncertain, assumed =0.275 
too high | | | | | } 
| ! | | | 
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| RADIATOR 
| 
TI- 
SED AREA, W EIGHT PROBABLE AIR 
3 | Sq. F1 Ls Speep RELATIVE 
R TO RADIATOR, 
Type Mites Per Hr 
Location and Air Depth, - 
Make Cells In 
Cooling| Emp- 
ligh Face {Surface} ty Full During High 
| Climb Speed 
7 S i) 10 11 12 13 14 15 16 
136 In upper wing|Flat plate Long +" 8 4.54000} 260.00 138 163 
atslightangle| type | slot be- Vertically 
in slip-stream tween 
plates 
136 |In upper wing|Flat plate Long 3” *5. 24000/*278 00 138 163 
atslightangle| type slot 
in slip-stream between 
plates 
125 |{n upper wing|I'lat plate Long 7” 4.76000) 253.00) 129 150 
at slight angle type slot 
in slip-stream between 
plates 
135 In curve of up-|Ajax Honey-| 4$”x4%” 5 8. 20000} 255.00 138 (?) 16 
per wing } comb | 
} 
135 |In curve of ur Albatross Space Same as | 6.54000] 175.30] 138 (?) 162 
per wing Tubular between wing 
Type tubes curve 
100 On fuselage |Livingston Probably 129.00) 74.5 108 120 
nose in slip-| Honeycomb] x inf. 
stream el. to cl : 
75 If JN-2 On|Rome - Tur-| 0.270’x | 2.89500} 124.40] 57.0 | 90.00) 79 90 
on JN] fuselage nose ney Honey- 0.265” =| 7 
1 and in slip-| comb . 
stream ° 
78 |On fuselage nose}Rome - Tur-| 0.270"x 27 } 2.79000) 121.80) 57.0 | 83.00 82 
| in slip-stream| ney Honey-| 0.265” | | | 
comb | 
| }Rome - Tur-} 0.270’x | 4.74000} 285.00) 85.0 [117.00 
|} ney Honey-| 0.265” | 
comb } 
tome - Tur-| 0.270’x 4.08000} 208.40) 77.0 1116.00 
ney Honey-| 0.265” | 
| comb 
Rome - Tur-| 0.270’x 4.65000} 200.00) 88.0 |118.00 
| ney Honey- 0.265” 7 
comb 
"140 |On fuselage nose}|Rome - Tur-| 0.270’x 4 3.75000) 232.60) 92.0 }132.00 142 168 
in slip-stream| ney Honey-| 0.265” | t 
comb } 
95 |In front of en-|Rome - Tur-| 0.270"x 47% 4.79000] 320.00)103.0 |152.00 100 114 
gine in slip-| ney Honey-| 0.265” { Nearly 
stream comb | checks) 
87 In front of en-|Rome - Tur-| 0.270"x 4 5.58000) 372.70)105.0 1153.00 65 87 
gine (pusher ney Honey 0.265” Nearly 
not in slip-| comb ‘*hecks } 
Stream 
90 |On fuselage nose}Rome - Tur-| 0.270’x } 94 108 
in slip-stream| ney Honey-| 0.265” | 
comb 
On fuselage Based on | 0.02780 
nose in slip- Flexo area per 
stream 3hy B.Hp 
On side of fuse- 0.05000 
Prob- lage per 
bly less Flexo Irregular B.Hp 
han 90 |) Overhead in Honeycomb shape Based on | 0.01875 
slip-stream Flexo area per 
app. 5 B.Hp. 
Over engine Based on | 0.03470 
Flexo area per 
2% B Hp. 
*O0) On side of fuse-j! lat Tube 150.00 64 90 
lage, not in ’ 
slip-stream 
On leading edge| Honeycomb Probably sly 2.70000)*121.50 
of upper wing 14 or #& in 
in slip-stream 
On le sding edge Honeycomb Probably | Probably 
of upper wing ly or is in deep 
in slip-stream 4 to 5 
95 |In front of en-| Livingston fs in 5 5.22000} 313.00) 98.0 [170.00 100 114 
| gine nacelle} Honeycomb | cl. to cl 
in slip-stream 
95 In front of en-| Livingston #5 in. 5 7.08000) 425.00)122.5 }205.00 100 114 
gine nacelle | Honeycomb | el. to el. 
in slip-stream | 
*80 Above engine in |Livingston fs in 5'4 1.89000} 119.00) 41.3 | 66 50 S4 96 
slip-stream Honeycomb | el. to cl. | 
proximate. Area includes water pockets. 
16Water flow about 97 gal. per min. 
ventilated. 


id ventilated. 


ed. 
):1 


Based on miscellaneous and Rome-’ 
surface 


Plane for use in Texas 


face 


slip-stream 
p-stream 


Turney Co. data. 


Same radiator as No. 9, but in slip-stream and part covered 
id radiator part covered up 


)+6-1n. section. 
hord Motor Radiator Co, data 


Radiator probably undersized. 


sumed 


0.275 in.x0.275 in. 





British official report data 


: 


COMPARATIVE PERFORMANCE 





Surrace (Sq. Fr.) Factors 


Area 


18 


0.6500 
*0.6970 
0.6330 


). 59301 
0. 40807 


0.8600 
1.3830 


1.2180 
1.7800 
1.4880 
2.0000 
). 5530 
0.8310 


0.9680 


1.0800 
0.8125 
0.7225 
0.7780 
0.8400 
0. 6000 
*0.5280 
0.7200 
0.8130 


1.1030 


0.7930 





110.30}125.90 


66.70 


Depth, etc., uncertain. 


18Arch cut out of honeycomb to clear engine. 
19Data from recommendations of Hall-Seott Co. (1917.). 


20Rome-Turney, etc. 






Later installation. 


*4Slip-stream doubtful. 
%922 tubes ¥% in.x!4 in.x24 in. run crosswise. 


*T. H. Huff data. 


*1German practice per Prof. Haffner in “ 
296 plates=8 in.x24%¢ in., 3% in. el. to el. 


76.20 











TemPeRATURE AT Low Autrrupg, Dra. WEIGHT PER 
FanR. B. Hr., Ls. 
. | Probable ! 
Are: a xSpeed AreaXSpeed | wo Radiator Inlet Mean 
<Te mp. Diff. 5 Throttle Open) Temp 
“8B. Hp. - 2 Diff. 
_B. Hp. o ~~ —————_|——-—— | Empty| Full 
; : 3 —— 
High High © High | ‘g ls Fs 
Climb] Speed | Climb] Speed <= Static Climb | Speed | & js = 
19 20 21 22 23 24 25 26 »7 28 29 30 
89. 70}106. 00 f ; 
96. 20}113. 60 
81.70} 95.00 
81.85] 96.10 Boiled 7185 
t t in steady 
| climb 
56.30] 66.20 Boiled *185 
T T in steady 
climb 
92. 901103. 20 ; 0.4970 
109.30} 124.50 0.6330] 1.0000 
99. 80}114.40 0.5700) 0.8300 
0.5310} 0.7310 
| 0.5500} 0.8280 
0.8800} 1.1800 
78.5 00 , 0.2190} 0.3140 
83 94.75 0.2675) 0.3950 
62.90] 84.20 0.2730) 0.3970 
101.50}116.70 
0.5100} 0.9000 
0.5600] 0.8100 
0.3800] 0.6800 
| 
0.3900) 0.620) 
{ 
38.40) 54.00 
92.60 


0.3545) 0.4420 


0.3180) 0.5320 


0.2750) 0.4430 





Data does not check L-W-F experiments. 


Assumed 80:1 = Area : Face (5 in.). 


, data per Hunsaker in Aerial Age May. 29, 1916. 
Handbuch fir Flugzeugkonstrukteure”’- 
First installation. 


Too small for climb, O. K. for high speed. 


27Miscellaneous and D. W. Douglas data. 


‘Flexo radiation data, A 
2%Area estimated, assuming 45:1 =Surface : 


Aviation, 


Dec. 


1917. 
Face. 


15, 


Hunsaker in Aerial A 


Too small for climb, O. K. for high speed. 


ge May 29 ,1916. 
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AIRCRAFT RADIATORS 


culation. It would be necessary to construct a radiator 
capable of withstanding considerable internal pressure 
in case of a rapid rise in temperature and consequently 
in pressure. 

Table 3 gives tabulated results of the performance of 
a number of radically different installations of airplane 
radiators. It has not been possible to obtain complete 
data on each installation, but as much as could be ob- 
tained has been given. A few of the cases are a little 
out of date, as the tabulation was begun about three 
years ago. Where the data are not considered reliable 
this has been noted. 


SeEcTION TECHNIQUE AERONAUTIQUE TESTS 


The French Section Technique Aeronautique made in 
1917 a very extensive series of laboratory tests on air- 
craft radiators, the results of which are given in their 
various reports. Unfortunately, owing to the confidential 
nature and source of these data, it is not permissible to 
include in this paper anything more than some very 
general comments. Copies of the reports cited, however, 
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are in possession of both Navy and Army, and accessible 
to those connected with these Government departments, 
and the June, 1918, issue of the publication popularly 
known as the McCook Field Bulletin contains a very com- 
plete résumé of the reports (reference No. 12). This 
latter publication is available to the engineers of all con- 
tractors engaged on U. S. Government aircraft work and 
they are referred to it for the details of tests. 

The tests included almost every type of honeycomb 
and some types of tubular and plate radiators. All of 
the tubular radiators offered more head resistance than 
the other types, some ten times as much, without a cor- 
responding increase in radiation, although the highest 
dissipation of heat per unit area was shown by this type. 
The addition of fins to the tubes greatly increased the ra- 
diation with only a slight increase in head resistance. 
This increased dissipation, however, did not by any means 
offset the disadvantage of the high resistance and weight 
of this type, and tubular radiators can therefore be con- 
sidered unsuitable for use in aircraft. 

Among the radiators showing the best all-around per- 
formance, based on the horsepower required to carry the 


radiator and to overcome its resistance at 90 miles per 
hr., for a given water flow, temperature difference and 


heat dissipation, were the following, in the order of 
their merit: 


(1) Honeycomb radiator with air cells 0.42 in. by 0.42 
in. by 3.55 in. deep 


(2) Honeycomb radiator with air cells 0.441 in. hex- 
agon by 6.3 in. deep 

(3) Honeycomb radiator with odd-shaped air cells 3.95 
in. deep 

(4) Honeycomb radiator with air cells 0.441 in. hex- 
agon by 3.95 in. deep 

(5) Plate type radiator constructed with plates simi- 
lar to those used in the Le Pere radiator: air space, 
6.5 in. by 0.354 in. by 23.6 in. deep 

(6) (a) Honeycomb radiator with air cells 0.315 in. by 
3.95 in. deep. (b) Plate type, the plates being 
wavy, water tubes, air space 11.8 in. by 0.71 in. by 
15.8 in. deep 

(7) Honeycomb radiator with air cells 0.354 in. by 
0.354 in. by 8.65 in. deep 

(8) Honeycomb radiator with air cells 0.275 in. hexagon 


by 3.95 in. deep 


. > 
a) 


- 
7 Po ame 
oo ap a - 


AIRPLANE SHOWING RADIATOR INSTALLATION 


As the last case requires only about 6 per cent more 
horsepower than the first, it will be seen that there is 
little to choose between any of the above types so far as 
over-all usefulness is concerned. Other considerations, 
however, such as limited space, might influence the choice 
of a type. 

Of the numerous radiators tested, among those making 
the poorest showing (under the conditions previously 
outlined) were all of the tubular type radiators and some 
honeycomb type radiators which had their air cells di- 
vided diagonally by sheet metal spacers or fins. Thus 
we observe that while the addition of fins is an advantage 
in the tubular type it is a distinct disadvantage in the 
honeycomb type. 

It might be mentioned that the difference in merit be- 
tween these poor radiators and the good ones previously 
mentioned is very great. The efficiency of the radiators 
was found in many cases to fall rapidly if the flow of 
water was reduced to a low figure; in other cases this 
was found to be of less importance. Although great 
variation was shown by the different radiators it would 
appear that the flow should not be less than 0.6 to 0.7 
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THE STURTEVANT WING RADIATOR 


gal. per min. per sq. ft. of surface for any type of honey- 
comb or plate radiator. This is a little more than is al- 
lowed on some of our large engines in this country. For 
tubular radiators a considerably higher rate of flow ap- 
pears to be necessary. This is to be expected when we 
consider that the dissipation per square foot is greater 
for the tubular type. 

This relation between dissipation and flow has an im- 
portant bearing on the use of the by-pass system of 
regulation. A study of the curves of dissipation plotted 
against flow shows that while the by-pass regulation 
might be used successfully with one or two of the types 
of radiators, it will have little value in others on account 
of the rather sudden drop in dissipation at a certain 
point. On the whole, the system of shutting off the flow 
of air in preference to water appears to be the more re- 
liable, as a sudden drop in temperature might cause 
freezing of the radiator. 

The relation between depth of radiator and heat dis- 
sipation evidently varies greatly according to the de- 
sign. If we consider one particular design, a honey- 
comb radiator using 0.354-in. square air cells, we find 
that the curve of dissipation rises rapidly with the depth 
up to about 8 in. and falls off for depths over 9 in. Thin 
walled tubes were found to be the most efficient, but the 
difference was not of consequence. 

Tests made on radiators housed in the rear in a man- 
ner similar to nose installation in a fuselage showed that 
the radiation, as would be expected, is less than that of 
a fully exposed radiator. For an opening in the rear 
equal to 72 per cent of the air space in the radiator the 
dissipation was about 75 per cent that of the fully ex- 
posed radiator; for an opening equal to 32 per cent it 
was about 55 per cent. 

Later tests appeared to show that for an opening equal 
to the air space the dissipation was only 65 per cent. 
These results should be used with caution in designing, as 
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in testing it was not practicable to duplicate exactly 
conditions found in the full-size machine, such as heat 
radiation from the engine itself, etc. 

The reports give the actual radiation and resistance 
for each type tested so that it is possible to calculate ap- 
proximately the surface required for an _ installation 
where the radiator is not masked and where the re- 
quired dissipation, air speed, flow of water and tempera- 
ture difference are known. By use of the results of the 
fuselage nose installation and comparison of the calcu- 
lations with Table 3, or similar data, the required area 
for fuselage installation can be approximately estimated. 

The curves of radiator performances as reprinted in 
the McCook Field Bulletin (reference No. 12) have been 
converted to the English system of units, thus rendering 
them very convenient for the average American designer 
who has not acquired the habit of “thinking in metric.” 

Heat-balance tests indicated that the heat dissipated by 
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2 RADIATOR INSTALLATION 


the cooling system, exclusive of direct radiation in an 
airplane, amounted to about 15 to 20 per cent of the 
heat value of the fuel consumed. This figure does not by 


any means check with the British and other test re- 
sults discussed later in this paper, and I recommend 
using the British values until further information is 


received. 
Britisn Rapiator Tests 


In 1915 the British Admiralty and in 1916 the Royal 
Aircraft Factory conducted numerous tests on aircraft 
radiators. The data are in the possession of the U. S. 
Army and Navy and the results of the various tests are 
assembled and reviewed at length in the McCook Field 
Bulletin, October, 1918 (reference No. 13), and briefly in 
U. S. Navy Aircraft Technical Note No. 13 (reference 
No. 9). 

As was the case with the French reports, previously 
referred to, these are also of a confidential nature and 
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THE FLEXO RADIATOR DESIGNED FOR MOUNTING ABOVE THE ENGINE AS 
lt APPEARS WHEN REMOVED FROM THE MACHINE 


origin such that it is not permissible to give here as de- 
tailed a review as could be desired. However, as in the 
previous case, a few comments will be made and atten- 
tion is called to the fact that the complete review (ref- 
erence No. 13) is available to engineers of U. S. Govern- 
ment aircraft contractors. 

A number of the radiators tested were of full size as 
actually used in practice, the remainder being smaller 
blocks made for test purposes. The results of tests on 
the small blocks appear to check fairly well with those on 
full-size radiators. 

The radiators giving the greatest dissipation per unit 
area under equal conditions were, in order 

(1) A tubular type 
streamlined tubes 
A tubular type using round tubes with spiral fins 
A honeycomb type formed by assembling thin water 
tubes bent to about “sine wave” form 
(4) A full-size honeycomb radiator of almost square 

face and having air cells measuring 0.275 in. by 
0.275 in. by 4 in. deep 


using staggered, approximately 


(2) 
(3) 


The radiators giving the best all-around performance, 


| 
5 
4 
. 
q 
; 
| 
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THE AEROMARINE TRAINING MoDEL EQUIPPED WITH SIDE RADIATORS 


considering weight, resistance and dissipation, the speed 
not being stated, were, in their order of merit 


(1) Full-size radiator using thin wavy water tubes set 
on edge and 5 in. deep 

(2) Full-size radiator of flat straight tubes 1/16 in. by 
9/16 in. set on edge to form strips 14 in. deep in 
the direction of air flow 

(3) Honeycomb (small block) 0.4-in. diameter round 
air cells 4.75 in. deep 

(4) Honeycomb (small block) 0.35-in. diameter round 
air cells 4 in. deep 

(5) Honeycomb (small block) 0.475-in. diameter round 


air cells 4 in. deep 
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As the range of difference is between 6 and 7 per cent 
there is little to choose between these so far as merit is 
concerned. 

A full-size radiator with a hole in the center, for the 
extension of the crankcase on the propeller end of the 
engine, and similar to the ordinary type installed in front 
of the engine, was tested. This radiator showed a merit 
of only about 80 per cent that of a square radiator with- 
out the hole and having the same type of radiation. De- 


signers are cautioned, however, against drawing too gen- 
eral conclusions from this single test. 

Two types of radiators designed for installation on the 
side of a fuselage, and formed of staggered blocks of 
radiation, showed merit values of about 73 per cent and 





AN EARLY STANDARD MACHINE SHOWING THE SIDE RADIATORS 


62 per cent that of the best honeycomb radiators of the 
conventional type. This same pair of radiators dissi- 
pated heat per unit area at almost exactly the same rate 
as conventional radiators with the same type of radia- 
tion. Their resistances, however, were 42 per cent and 
28 per cent greater for equal dissipation, which com- 
parison only applies to the same type of radiation and at 
60 miles per hr. 

Honeycomb radiators having 0.275-in. air tubes gave 
the best results for low speeds, but the increase in re- 
sistance gives this type a disadvantage at high speeds. 
For very high speeds the plate type appears to have the 
advantage over the honeycomb type. For honeycomb ra- 
diators a ratio of diameter to length of air cells of 1:9 
is recommended for 50 miles per hr. and 1:14 for 80 
miles per hr. 

Resistance increases as the square of the speed over the 
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RADIATORS USED ON DIRIGIBLES 


MULTITUBE 


range with which we are concerned. Dissipation of heat 
increases as the nth power of the speed. The exponent 
n 0.9 and shows a tendency to increase with the speed. 
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The report suggested that the reserve water supply in 

gallons be about equal to 

hours duration 
~ 1600 
For a machine of the DH-4 Liberty class having about 4- 
hr. duration this would give about 2 gal. of reserve wa- 
ter. This is slightly in excess of the amount which I 
have been accustomed to allow, but on the other hand, 
radiators designed by me were usually fitted with a 
safety valve set to release at about 3 to 4 lb. per sq. in. 
This, no doubt, reduced the evaporation and loss of wa- 
ter greatly. 

Vibration, such as exists in the average airplane when 
the engine is running, was found to increase dissipation. 
Pending further experiments, this increase can be taken 
as being close to 10 per cent. 

The British Admiralty reports appear to favor the 
by-pass .system of regulation of cooling, but as the 
tests apparently did not include any on the effects of 





, horsepower 


The temperature of the radiator also increases the’ reduced water flow, the French results should be given 
resistance to some extent. more weight. 
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Square front radiators apparently possess a slight ad- 
vantage over the oblong type both in lower resistance and 
increased dissipation. Yawing increases both dissipa- 
tions and resistance for moderate angles, up to about 30 
to 40 deg. 

On the whole, the better types of honeycomb, flat tube 
or plate radiators are very satisfactory, but it should 
be noted that the difference between the good and bad is 
very great. All round water-tube radiators are out of 
question as was shown also in the French tests. 
recommended that round tubes of 10-mm. (0.394-in.) di- 
ameter and 120 mm. (4.73 in.) long be adopted as stand- 
ard for the construction of honeycomb radiators. 
has since been done. 
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Heat-balance tests on four aircraft engines in a 60 For full size machines 

miles per hr. wind showed that the value in horsepower Resistance at 60 miles per hr. — 

of the heat dissipated by the cooling system is within { Case 2 — 3.6 X 16 = 57.6 lb. 

2 to 3 per cent of the brake horsepower of the engine. | Case 3 = 5.6 X 16 — 89.6 lb. 

For all practical purposes the horsepower dissipated in Resistance at 130 miles per hr. 

heat by the radiator can be taken as 1.02 times the brake : Sass 180" E 

horsepower of the engine. This figure appears to check | Case 2 = 3.6 X 16 K Gor = 271 Ib. 


with other tests (reference No. 14) closer than the 
French figures do, and considering the fact that the en- 
gines were exposed to a strong wind it may be taken to 
be the most reliable which we have up to date, at least 
until more information regarding the French tests is re- 
ceived. It should be noted, however, that the percentage 
of heat units carried away from the jackets may not be 
the same at altitudes. 


BUREAU OF STANDARDS TESTS 


For some time past the Bureau of Standards at Wash- 
ington has been conducting, under the supervision of the 
sub-committee on powerplants of the National Advisory 
Committee for Aeronautics, an investigation of the per- 
formance of aircraft radiators. The reports are avail- 
able for reference and will be published very shortly 
(references Nos. 23 to 27). Some interesting results have 
been accomplished and a few notes on these are given. 

A series of tests was made to determine the effects on 
the resistance of an airplane, of installing the radiator 
on the nose of the body. The resistance of a one-quarter 
size model body was tested in the wind tunnel under three 
conditions and the results of test are given herewith in 
Table 4. 


TABLE 4—RESISTANCE OF ONE-QUARTER SIZE MODEL 
BODY 
Resistance 
in lb 
Case at 60 


Ratio of resist- 
ance to that of 


miles — — 


No Condition per hr. Case l Case 2 
1 Body without radiator and 
crudely streamlined .... 1.7 
Body with radiator in place 
on nose but covered with 
Se POPE ee ae 3.6 2.12 
Same as case 2 except that 
forward part of body was 
furnished with vents and 
radiator was left clear 
so that air could pass 
ee eae ~—e oe 3.30 1.55 


From this test we can make the following notes: 

The resistance of full-size bodies at the same speed 
would be sixteen times the figures given and can be as- 
sumed for all practical purposes to increase with the 
square of the speed. 


As the necessity for use of shutters 


Ki 


oOo 


VU: 
y ¥ 
Enlarged Section 


of Ce 


les 





PLATE TYPE OF 


RADIATOR WHICH 
WING 


Is SET INTO CURVE OF 
ON LE PERE MACHINES 


THE UPPER 


on the radiator becomes important only at high speeds, 
let us investigate the reduction in resistance, assuming 
that we are able to fly with the shutters entirely closed, 
a condition, however, which is somewhat more advan- 
tageous than is actually attained in practice. 


, / 
| Case 3 


et es) 
- 3.6 x 16 eo = 421.5 lb. 
9 
Thus we find that if we could operate a machine at, 
say, an altitude of several thousand feet with all the 
shutters closed we could reduce the resistance of the 











FLOW OF AIR 


AROUND STREAMLINED 


AND ROUND SECTIONS 


body by 150.5 lb., or 35.7 per cent. 

to horsepower saved, we have 
150.5 & 5280 « 130 
38,000 x 60 

Although this ideal condition cannot be attained in 
practice, the figures have been given to illustrate the im- 
portance of furnishing fuselage nose radiators with 
shutters and using them not only to maintain the engine 
at its best operating temperature, but also to reduce the 
resistance of the body at the very time when such reduc- 
tion is of the greatest importance. 

A test was made of Case 3 to determine the speed of 
air through the radiator, and this was found to be 27 
miles per hr, as against 60 miles per hr., the speed of the 
air in the tunnel. This apparently shows that the higher 
resistance of the model with the open radiator and vents 
is due to work being done in removing part of the kinetic 
energy from the air, or, as is the case with the full-size 
machine in flight, forcing the air to move at 33 miles 
per hr. in the same direction as the machine. 

Radiation from fins and similar surfaces not in actual 
contact with the circulating water was found to be of 
value only for a short distance out from the water space, 
and they are not as advantageous as surfaces in actual 
contact with the water. Consequently the use of stiffen- 
ing wires, strips, etc., add to resistance without increas- 
ing radiation and should be avoided. Furthermore, it 
seems that the radiating surfaces should be practi- 
cally continuous from front to rear. It was found 
that so-called “dead water radiation” (surfaces not in 


Translating this in- 


= 52.2 hp. 
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contact with moving water) radiates slightly less for the 
same area than surfaces in contact with the water flow. 
The percentage of air which flows through a honeycomb 
radiator was found to be very nearly equal to the percen- 
tage of space open to air flow in the radiation. The rest of 
the air obviously flows around the radiator. The nu- 
merical value of the air flowing through the cells was 
found to be 70 to 85 per cent, (80 per cent being probably 
a fair average) of the air which would be expected to 
strike the face area of the radiator. 


MISCELLANEOUS TESTS 


The following notes on results of miscellaneous experi- 
ments will probably be found of interest and assistance: 

Streamlined tubes exposed to moving air were found to 
radiate 1.4 times as much heat as round tubes for the 
same actual surface and air speed. This figure, it should 
be noted, makes no allowance for the decreased resistance. 
As streamlined tubes are narrower than round tubes of 
the same surface and have considerably less resistance 
than round tubes of equal width, it will be readily seen 
that the streamlined tube possesses very great advantage 
in practice. The information came from one of the as- 
sistants at the Bureau of Standards, the original source 
not being mentioned at the time. 

This phenomenon of the streamline tube radiating 
more heat than the round one under similar conditions 
is probably accounted for by the regularity of flow 
around the streamlined tube. The approximate flow of 
air around streamline and round sections, as recorded 
photographically by the National Physical Laboratory in 
England, (reference No. 39), is shown in one of the 
illustrations. It will be noted that the air remains in 


contact with the streamline surface for a much greater 
distance than it does with the round surface. 

A series of tests was conducted by the Washington 
Navy Yard (reference No. 42) on eight sections of honey- 
comb radiation supplied by various manufacturers, the 
results of which are shown graphically. 

From the curve of resistance in pounds plotted against 
speed in miles per hour, it will be seen at a glance that 
the resistance increases with a power greater than unity. 
From the curves and our knowledge of air resistance we 
may note that the equations will be the form P = KAV", 
or, for unit area, P KV", where 


P = head resistance 

K =a constant for each type of radiator 
V = speed 

n= exponent of V 


Selecting values from each of the curves to give simul- 
taneous equations and solving for n shows that this ex- 
ponent varies between the limits 1.876 and 2.280 and 
averages 1.990, or practically 2. This calculation was 
based on another set of curves plotted from the same data. 

Another curve shows the horsepower equivalent of heat 
dissipated per 100 deg. fahr. temperature difference, per 
square foot of frontal area, plotted against air speed in 
miles per hour. It will be noted that, considered from 
this angle, the various makes of radiation do not perform 
similarly, the dissipation increasing in some cases with a 
power less than unity, while in other cases the exponent 
is greater than unity. 

The “figure of merit” for each type of honeycomb at 
different speeds, plotted against air speed in miles per 
hour is also shown. The so-called “figure of merit” is 
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CURVES SHOWING THE DISSIPATION OF 
the value obtained by dividing the horsepower dissipated, 
by the horsepower required to carry and to overcome the 
resistance of 1 sq. ft. of radiation moving through the 
air at any given speed, and is therefore an approximate 
but useful measure of the efficiency of the radiation. It 
will be noted at once that a section may be well suited 
for a certain speed but unsuited for another; also, that 
certain makes of the honeycomb radiation possess marked 
advantage at low speeds, but at high speeds, so far as 
efficiency is concerned, there is little to choose between 
any of them, as their performance is very nearly the 
same. Other characteristics may, however, determine 
the choice of radiation. 


DISCUSSION AND DaTa 


Before entering into any discussion it seems advisable 
to lay great stress on the fact that all radiator calcula- 
tions should be considered to be only approximations. 
So many variables enter into the case and our data are 
even yet so incomplete that exact results cannot be ob- 
tained. 

Bends in Pipes As a general rule all unnecessary bends 
in water pipes or radiation should be avoided, as these 
offer resistance and reduce the rate of flow. It should be 
remembered that the use of centrifugal pumps for circu- 
lating water is probably universal, and with this type of 
pump any increase of resistance in the system will de- 
crease the flow of water. The French tests showed that it 
is important with most types of radiation to keep the rate 
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of flow high. In any case, if the flow is allowed to drop 
considerably the result wil! be a reduction of the tem- 
perature difference between air and water, with a pro- 
portionate reduction of dissipation. 

Location of Radiator The question of radiator loca- 
tion cannot by any means be said to be definitely settled 
as yet. There is wide diversity of opinion among engi- 
neers on this subject. The British claimed a few months 
ago that they could find very little difference in machine 
performance when using different locations for the radi- 
ator. They recommended that the radiator be installed 
on the fuselage nose when this can conveniently be done. 

The tendency today seems to be to place the radiator 
in the upper wing. Whether the wing curve radiator is 
to prove the ultimate form cannot be said as yet. Some 
full-scale flight tests made under the direction of the 
Navy Bureau of Steam Engineering appear to show that 
the resistance of wing curve radiation is not nearly as 
low as we might expect. Wind-tunnel tests should throw 
some light on this. 


Ensign Swenson, U. S. N., who has charge of radiator 
work for the Navy Department, makes the following 
recommendations: 


(1) On tractor flying boats the radiators should be 
located in the slip-stream, as without consideration for 
other factors, the ability to “taxi” will be nullified if 
they are placed elsewhere. If the engine is not housed 
in, the best location is probably between the engine and 
the propeller; if the engine is housed in, place the radi- 
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ator or radiators next to the nacelle but a few inches 
away from it 

(2) On pusher flying boats the same recommenda- 
tions hold, with the exception that the slip-stream is not 
available for cooling 

(3) On small seaplanes and small land machines lo- 
cate the radiators anywhere in the immediate vicinity 
of the engine, with this exception 

(4) Do not install the radiator in the nose 

(5) On large multi-engined land machines locate the 
radiators in one or two groups out of the slip-stream 


The tendency at McCook Field seems to favor a plate 
type of radiator set on edge in the upper wing. 
From what information we have to date I am strongly 
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with a shutter, so that when the radiator is covered up 
there is practically a wing curve in its place. 

It should be added that for low-speed machines there 
is probably little to choose between any of the different 
locations. There certainly is less to choose between them 
for low speeds than for high. This is because resistance 
varies approximately as the square of the speed, while 
dissipation of heat varies with nearly the first power of 
the speed. 

For the present I would recommend that in new de- 
signs, where some choice of location is open, radiators 
be calculated for two or three different types of installa- 
tion and studied from every angle before the question is 
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FIGURE OF MERIT CURVES OF HONEYCOMB TYPE RAD 


of the opinion that the best type of radiator installation 
depends as much upon the general design, type and speed 
of the airplane as upon other considerations. I am in- 
clined to expect more of a radiator mounted so that it 
can be drawn into the wing or body than of any other 
method of installation. Such an installation does not re- 
quire the air to change its direction to any extent when 
flowing through the cells, thus keeping efficiency high and 
resistance low. This, combined with the feature of ex- 
posing only as much radiation as is actually required at 
the time, would make it very efficient. When gliding, 
the entire radiator could be drawn in, thus improving 
the angle of glide. At the same time there is much to be 
expected of the wing curve type of radiator if provided 


settled. In any case, the radiator should be partly or 
wholly in the propeller slip-stream; otherwise it will be 
difficult to operate the engine on the ground or to “taxi” 
the machine. 

Alex. Klemin found by wind-tunnel tests (reference 
No. 18) that a body similar to a radiator decreased the 
lift-drift ratio less when located on the lower side of the 
wing than on the upper. As, however, we know nothing 
about the air flow, this information is of little assistance 
to us. 

Effects of Altitude on Radiator Performance When 
an airplane reaches a high altitude two new conditions 
are encountered, lower density and lower temperature of 
the air. Both affect radiation, the former decreasing and 
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the latter increasing it. The former also decreases the 
brake horsepower of the engine if a compressor is not 
used to supply air at constant pressure, which I do not 
believe has been done successfully as yet. We are using, 
however, makeshift devices in the form of adjustable 
carbureters and also extra high compression engines 
which no one is supposed to run wide open at low alti- 
tudes, although the temptation to do so is very strong. 

At any altitude the size of the radiator required is de- 
termined by the conditions in the climb at maximum rate, 
and, as the horsepower developed by the engine is great- 
est at low altitudes, we find that radiator size is gov- 
erned by the conditions in maximum climb at a low alti- 
tude. 

As the load on the wings is practically constant dur- 
ing a climb we can conclude that the horizontal speed 
during this climb varies inversely as the density of the 
air. This is shown by our fundamental formula in 
aerodynamics, Bernouilli’s theorem, in which density 
appears as a factor in the first power. This being the 
case, the number of pounds of air passing through a 
radiator not in the slip-stream, in a given time will be 
constant throughout the climb irrespective of the hori- 
zontal speed, which is increasing. We know from French 
experiments that the dissipation of heat varies directly 
as the density, and therefore as the pounds of air passing 
through the radiator, so we may conclude that dissipa- 
tion of heat during a climb, at maximum rate, will vary 
only with the temperature difference. The foregoing con- 
clusions enable us to calculate Table 5, giving the per- 
centage of our radiating surface that will be required at 
altitudes for constant horsepower and constant margin 
between operating temperature and the boiling point of 
water. 

Knowing then the performance at any altitude of the 
particular engine under consideration, we can obtain 
the approximate area required during climb by the 
formula 


Area during Total area 
climb at any } 


given altitude | 


factor < horsepower at altitude 








horsepower at sea level 


and the area required for high speed at any altitude by 
the formula 


Area during high Area for climb climbing speed 
speedatany | - — 
given altitude high speed 





These formulas do not apply in the form given to 
radiators located in the slip-stream, but the factor for 
constant horsepower multiplied by total area will give 
nearly the area required for this condition if the engine 
has no altitude adjustment. 

If the engine is not equipped with an adjustable car- 
bureter or similar means for adapting it to operation at 
altitudes, the horsepower at any altitude can be obtained 
by aid of a curve of “effect of altitude on the horsepower 
of a gasoline engine” (such as reference No. 34). This 
curve enables us to add to Table 5 the lower figures, 
which represent the fraction of radiating surface re- 
quired for an engine provided with absolutely no means 
of adjustment for altitude. 

Air Bubbles in Cooling Water It is important to 
guard against the possibility of air being drawn into the 
circulating system along with the water, as this results 
in a great decrease of efficiency (reference No. 5). This 
is not a very common trouble, but it may happen in a 
poorly designed system in which the water entering the 
radiator is allowed to splash or bubble violently. The 


trouble can be avoided by proper placing of the inlet or 
by the use of a baffle plate. 

Design of Water Pockets, Etc. Large water pockets 
should be avoided, as they merely add to the weight. 
Water pockets should be only of sufficient size to provide 
free circulation of the water. Care should be taken in the 
designing of water pockets that the water entering the 
radiator is distributed equally to all parts of the honey- 
comb. This can be accomplished by the use of baffle 
plates to deflect and distribute the water in the desired 
direction. 

An expansion and reserve water tank must always be 
‘provided at the highest point in the cooling system. The 
capacity for a given installation with an open overflow 
can be calculated from the British data given earlier in 
this paper. In cases where the top of the radiator is the 
highest point in the cooling system it is customary to 
incorporate the expansion and reserve water tank in the 
upper water pocket of the radiator. 

Where a hole is cut out of the center of the honeycomb 
to provide for the crankcase extension, a water pocket 
must be provided to carry the water from the upper 
part of the honeycomb to the lower. The area of the 
cross-section of this pocket should be equal to or slightly 








TABLE 5—FACTORS FOR OBTAINING RADIATING SURFACE RE- 
QUIRED AT ALTITUDES 












































Altitude 
in Ft. 
0 5,000 |10 ,000)15 ,000 20 , 000}25 , 000/30 , 000 
* Mean Boiling 
empera- |p, 
emp., 
ture , 
Difference Deg. Fahr.| ‘ 
era 212 203 194 185; 176} 167 158 
Air and Ee | ” - is 
eT: | Temp. 
Cooling Drop of 
Water at “i 
: ; Air, Deg. 
Sea Level, Fahr | 
Deg. Fahr.) “9 17.0 | 33.0 | 46.8 | 58.0 | 67.2 | 75.6 
Horse- | | | 
power 


1.00 0.8625) 0.735) 0.620) 0.520) 0.435) 0.365 
| — | 
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. 1.00 0 8620, 0.769 0.716 0.694! 0 693| 0.699 

© | Yi00 [0.74401 0.565] 0.4441 0.3011 0.3021 0.355 
~~} 790 |0.9080| 0.883) 0.791| 0.773] 0.772] 0.776 
| T00 0.7790] 0.612| 0.490] 0.402] 0.336] 0.383 
bua | 1.00 “\0.9260) 0.870 0 835| 0.820] 0.818] 0.822 
| T¢0  |0.7990| 0.640] 0.518] 0.427| 0.356) 0.300 
ri 1.00 [0.9400] 0.893 0.863) 0.850] 0.849] 0.852 

~° \“Y¢0 0.8110} 0.657) 0.535] 0.442] 0.369] 0.311 
| T00 0.9500] 0.909} 0.8831 0.872] 0.871| 0.875 

1% | 7-00 |o.8190| 0.008] 0.547] 0-454| 0.3701 0.819 





NOTE: 

1) Upper figures are for constant horsepower and radiator not in 
the slip-stream of propeller 

(2) Lower figures are for engine not equipped with any means of 
adjustment for altitudes and radiator not in slip-stream 

(3) Upper figures are also nearly correct for engine not equipped 
with any means of adjustment for altitudes and radiator com- 
pletely in the slip-stream 

(4) All figures based on climb at maximum rate and constant 
margin between operating and boiling temperatures, with radiator 
under atmospheric pressure only 
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greater than the area of the water passages in the part 
of the honeycomb removed. 

Velocity of Air in Slip-Stream In our radiator calcu- 
lations it usually becomes necessary to estimate the speed 
of the air in the slip-stream of the propeller. As this 
speed is dependent as much upon the design of the par- 
ticular propeller as upon the other factors, we cannot give 
any rule which applies equally well to all cases. 

A number of tests have been made by M. Eiffel with 
a view to obtaining information on this subject, and E. 
P, Warner of the National Advisory Committee’s staff 
has made a study of the results obtained. A curve based 
on some of the Eiffel experiments is reproduced 2nd can’ 
be used to obtain approximately the speed of air in the 
slip-stream, the Eiffel No. 9 propeller on which it is based 
being assumed to be typical. 

To use this curve it becomes necessary to know the 
speed of advance corresponding to the maximum ef- 
ficiency of the propeller. If it happens that we do not 
know, at the time of designing our radiator, exactly what 
this speed is going to be, it becomes necessary to resign 
ourselves to another approximation. The relation of this 
speed to the maximum speed of the machine will depend 
very largely upon whether the propeller is designed to 
give great climbing ability, high speed or a compromise 
between the two. As it is advisable to err on the low 
side rather than on the high side in estimating the speed 
of air striking the radiator, Mr. Warner suggests that the 
speed of advance at which the propeller shows its highest 
efficiency be assumed to be 90 per cent of the maximum 
speed of the airplane. In the calculations for Table 3, 
95 per cent was used. 

Thus for a typical case of an airplane having a maxi- 
mum speed of V 130 miles per hr. we have V, 117 
miles per hr. For high speed V/V, = 1.11 and V,/V 
1.14. Thus the slip-stream velocity relative to the ma- 
chine at high speed is 130 1.14 or 148 miles per hr. 
This is probably slightly on the low side of the actual 
speed for most machines. 

It should be noted here that the velocity of slip-stream 
relative to the atmosphere is very low at high speeds; 
in the foregoing case it is 18 miles per hr. However, we 
are only concerned with the speed relative to the air- 
plane. 

Forward Speed of Machine During Climb at Maximum 
Rate Where possible this should be obtained from the 
curves of estimated performance, or from the actual per- 
formance of similar machines. In case this is not con- 
venient it might be noted that the French found the 
forward speed during a climb at maximum rate varied 
from 56 miles per hr. for the slower service types to 78 
miles for the faster types. It will be noted that the 
range of speeds is not great, which is not surprising when, 
we consider that the landing speeds do not vary greatly. 
The landing speed of a machine has an important bear- 
ing on its forward speed during climb at maximum rate. 

The speed during climb at maximum rate can be ob- 
tained very roughly by the formula 


high speed — low speed 
4 


speed in ciumb at | 


’ low speed + 
maximum rate |} 


Mean Temperature Difference Between Air and Water 
Before proceeding with any radiator calculations it 
becomes advisable to know the difference between the 
mean temperatures of the cooling water and the air. If 
the exact flow of water and horsepower equivalent of 
British thermal units carried away from the cylinders 
is known, the temperature drop of the water can be 
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readily calculated. When this is not known the tempera- 
ture drop in the radiator, or rise in the cylinder jackets, 
can be assumed to be about 20 deg. fahr. This value is 
taken from block test results (reference No. 14). Thus 
we have the mean temperature of water equal to about 
10 deg. fahr. less than the temperature of outlet from the 
cylinders. 

The mean temperature of the air is almost impossible 
to obtain beforehand. Fortunately, it appears not to be 
essential, as the French found (reference No. 12) 
the assumption that the mean temperature equals the 
initial temperature introduced only a very slight error. 

Thus the mean temperature difference in 
fahrenheit can be taken as approximately equal to 


degrees 


(temperature of cylinder outlet) —10—(temperature of air) 


The British recommend (reference No. 13) that de 
signers provide for a temperature difference, in temper- 
ate climates, of 144 deg. fahr. (62 deg. cent.). This 
would correspond to about 46 deg. fahr. for the air and 
about 200 deg. fahr. for the water outlet from cylinders 
and is by no means suited to even our northern United 
States summer conditions. I recommend that for sum- 
mer conditions a temperature difference of 110 deg. 
fahr. be not greatly exceeded. This corresponds to 190 
deg. fahr. for water and 70 deg. fahr. for air. 

Pressure System The pressure system, which I be- 
lieve I originated, consists of the ordinary cooling sys- 
tem provided with steam-tight caps and a safety valve. 
The safety valve is placed at the highest point of the 
system and can be set to “blow off” at from 3 to 4 lb. 
per sq. in. without risk of injuring the radiator. 

This system has two distinct advantages: (1) The 
loss of water by splashing or evaporating is eliminated, 
and (2) the boiling point of the water is raised slightly, 
thus tending to eliminate troubles due to boiling in un- 
usually hot weather. The addition of 3% lb. per sq. in. 
to the atmospheric pressure at sea level raises the boil- 
ing point of water from 212 to 222.8 deg. fahr. The two 
results make it possible to eliminate nearly all of the 
reserve water ordinarily carried. 

This system was first used on the L-W-F model V-3. 
The machine was provided with a radiator suited to our 
northern United States climate and when used down in 
Texas it was found that the rapid evaporation of water 
limited the duration of flight to less than 2 hr. After 
the installation of the safety valve it became possible to 
fly the machine until the fuel tanks were emptied, or 
more than 6 hr. This demonstration caused my associ- 
ate, Mr. Mitchell, and myself to adopt the pressure sys- 
tem as standard practice on L-W-F machines. 

Weight of Radiators The weights of the sections 
tested by the British and French are given in their re- 
ports (references Nos. 12 and 13) and the weights of a 
number of typical American makes of honeycomb radia- 
tion are given in Table 1. The weights of a number of 
complete radiators are given in Table 3. These vary 
from 0.302 to 1.180 lb. per b.hp., and average about 
0.634 lb. per b.hp. As several radically different types 
are included, the latter figure can safely be used for the 
purposes of preliminary estimate. It shou!d not be for- 
gotten, however, that the weight will vary greatly ac- 
cording to the design. and closer estimates can be ob- 
tained if figures are based on similar designs selected 
from Table 3. 

Materials of Construction A good grade of brass is 
more satisfactory than copper for the construction of 
the honeycomb. Ensign Swenson of the Bureau of 
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Steam Engineering, Navy Department, recommends 85- 
15 per cent brass, while Mr. Sage of the Rome Turney 
Co. recommends 65-35 per cent brass for honeycomb 
construction. Copper shows a tendency to become brit- 
tle and to crack at the folds after it has been in service 
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for some time. The material in use ranges from 0.003 
to 0.008 in. thick; 0.004 to 0.005 in. is recommended. 

The material used for water pockets should be brass. 
The thickness will vary a little according to the de- 
sign of the radiator, but in general Nos. 18, 20 or 22 
B & S gage are very satisfactory. Ensign Swenson rec- 
ommends the use of the last two gages. 

Production Considerations Water pockets necessitat- 
ing drawn, hammered or pressed parts should be avoided 
—particularly in the case of small production. The com- 
monly accepted standards of size for honeycomb radia- 
tion in this country are given in the typical cases listed 
in Table 1. Many manufacturers, however, make other 
sizes. 

When honeycomb radiation is used the “block” of radi- 
ation should be square or oblong wherever possible. 
Round or angular corners introduce hand-work in fit- 
ting, with a consequent increase in cost, and should be 
avoided. This remark, however, does not apply to radia- 
tion built up out of small tubes, such as the Harrison 
tubular, Multitube, etc., as the shape of the block makes 
very little difference in this case. 

Radiators of the Albatross type are very expensive to 
produce in small quantities. This does not apply, how- 
ever, to quantities sufficient to justify the manufacture 
of the large dies necessary. 

Adjustment of Radiation Means of adjusting the 
amount of radiation while in flight possess consider- 


able advantage. This adjustment can be made in two 
general ways: 
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(1) By regulating the flow of water through the radi- 
ator with the aid of a by-pass or a throttle 
(2) By regulating the flow of air through the radiator 
Both methods have been used successfully, but the 
first introduces the danger of freezing the water in the 
radiator and, as shown in the discussion of results of 
French tests, does not operate satisfactorily with most 
types of radiation. 
The second method can be applied in various ways: 


(1) By the use of shutters or a curtain in front of the 
radiator. Each of these methods as used on the 
German Gothas is shown (reference No. 40) 

(2) By drawing the radiator partly inside of the body 
of the machine 

(3) By pivoting the radiator so that it can be set at 
varying angles to the air. This method has been 
used on some of the De Haviland planes 


No one of these several methods can be selected as 
the best since the choice of any one is dependent upon 
the installation of the radiator. In the case of a radi- 
ator located on the fuselage nose, the shutter system is 
the most suitable, as the resistance of the body is de- 
creased when the shutters are closed. In the case of 
wing-curve radiators, a sliding curtain mounted on a 
roller similar to a shade roller would appear to be most 
suitable. Although this has not been used up to date, 
a modification consisting of a flat sliding shutter has been 
used on the German Halberstadt machine (reference No. 
19). Wing-curve radiators located out of the propeller 
slip-stream would be expected to be partly self-regulat- 
ing as the radiator lies at a slightly larger angle to the 
air during a climb than during high speed. This would 
not apply to cases where the radiator is entirely in the 
propeller slip-stream as no change in the angle presented 
to the air would then take place. 

In the case of radiators located on the side of the body, 
or engine nacelle, either shutters or the withdrawing of 
the radiator into the body would be suitable. In the 
case of radiators located clear of the body, such as on 
the nose of the upper wing, the use of a by-pass, or of a 











SHUTTERS USED ON RADIATOR OF GOTHA MACHINES 


streamlined housing which could be almost entirely closed, 
would be the most appropriate, as shutters or a curtain 
would increase the resistance of the radiator. If a by- 
pass is used it should be adjusted so that it cannot elimi- 
nate all of the flow through the radiator; otherwise 
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freezing trouble is certain to be encountered at altitudes. 
A type of radiation must be selected also which shows a 
large and gradual drop in dissipation with reduction of 
flow. 

In any case the controlling device should be operated 
from the pilot’s cockpit and constructed so that if pos- 
sible, in case of anything going wrong with it, the shut- 
ters or curtain will be held in the “open” position auto- 
matically. In the case of a by-pass, it should be ar- 
ranged to send all of the water through the radiator if 
trouble occurs. 

A thermostatic regulator for controlling the flow of 
water through the radiator has been used on the Sturte- 
vant 210-hp. airplane engine. 

Shutters operate most satisfactorily when they are be- 
tween 1 and 2 in. wide; 11% in. is a good figure. They 
should be rigidly constructed to hold their shape under 
the air pressure in flight, and should be of streamline 
form. By pivoting shutters near their front edge they 
can be made to open automatically by the air pressure. 

Tests for Finished Radiators Finished radiators 
should be tested for leaks before being installed. The 
most satisfactory way to make this test is to totally sub- 
merge the radiator in water while an air pressure of 5 
to 8 lb. per sq. in. is maintained inside the honeycomb 
and pockets by an air-pump. The slightest leak wili be 
shown by air bubbles rising from it. 

It is not advisable to make this test with a pressure of 
less than 5 lb., as weak spots in the soldering may not 
be detected; nor is it advisable to exceed a pressure of 
10 lb. as the radiator is liable to be damaged. 

It is also well to test the flow of water through a ra- 
diator, although trouble from obstruction to flow is not 
common in a new radiator if the design be reasonably 
good. The British require a radiator to be capable of 
passing 7.5 gal. of water per sq. ft. of frontal area per 
min. under a pressure of 4 lb. per sq. in. 

The Bureau of Steam Engineering of the U. S. Navy 
requires that radiators be stored for 14 days after test- 
ing and again subjected to the pressure test (reference 
No. 20,. 

CONCLUSION 


In preparing this paper the original intention was to 
include some examples of application of the data to ac- 
tual designs and some comparisons with practice. Be- 
cause of the length of the paper, however, and the ground 
already covered, it appears advisable to leave this until 
a later date, particularly in view of the fact that the 
British and French figures could not be made public. It 
may be mentioned that a few attempts have been made to 
apply the experimental data directly to practice, and the 
results do not check well with past experience. How- 
ever, while these attempts were not sufficiently thorough 
to justify the passing of judgment on the value of the 
data, it is strongly advised that any new design be com- 
pared with such data as are given in Table 3, and that 
for the present these data be given preference. 

In conclusion I wish to thank the various radiator 
manufacturers, Dr. Dickinson of the Bureau of Stand- 
ards, Ensign Swenson, U.S. N., and Mr. E. P. Warner of 
the staff of the National Advisory Committee for Aero- 
nautics for their cooperation. Thanks are also due to 
my brother, Donald R. Black, for some of the data upon 
which Table 3 has been based. 
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MOTOR CARS IN SPAIN 


EFORE the war the Hispano-Suiza was the make of 
B car most used in the country. Of imported cars, 
French makes were in the ascendency, the cars of other 
nations being represented in this order: United States, Ger- 
many, Italy, England, Belgium and Switzerland. During the 
war great strides have been made by American manufac- 
turers, who no doubt now hold the position held by the 
French makers before the war. Italian competition is now 
becoming very active, especially from the Fiat Co., and it is 
thought that Italy will push France very closely for post- 
war trade, but present indications point to the possibility 
of Americans doing a much larger volume of business in 
Spain than any other country. 

The cars of Spanish origin in use in the country are, in 
the order of importance, the Hispano-Suiza, Elizalde, Ideal, 
D y G and David, the last being a particularly attractive cycle 
on very sporty lines and selling at the equivalent of about 
£75. Before the war the Hispano-Suiza Motor Car Co. turned 
out about 500 cars yearly and is expecting to double this 
number if the necessary materials can be readily obtained. 
The particular requirements for Spanish conditions are light 
cars and runabouts; the engine should be at least 8 to 12 hp. 
with sufficient ground clearance. Good springing is abso- 
lutely essential. The Spanish motorists like a sporting type 
of car and the exterior in every case must be taking. They 
like cars that are low or at any rate are made to look so. 


A big bonnet and radiator and a large steering wheel are 
preferred. Ordinary touring cars should be 15 to 20 hp. (four- 
seated), and must be able to withstand bad roads. Certain 
English light cars are lacking in stability on corners and on 
bad roads. They are also unnecessarily heavy. There is a 
very limited market for heavy touring cars of 30 to 40 hp. 
and some of these have not sufficient ground clearance. In 
the matter of springing, American cars have given the best 
results. A system of springing that has shown itself very 
suitable for Spain is the cantilever, and it has, in conse- 
quence, gained in popularity. 

In the main, the condition of the roads in Spain is poor. In 
the towns they are generally paved but between towns 
macadamized roads are to be found, plentifully pot-holed, in 
summer exceedingly dusty and in winter very muddy. The 
roads are best for motoring in the spring, and worst between 
October and January, which is the rainy season. On the 
whole the roads are hilly, with long, winding ascents and 
descents, while hairpin bends of a dangerous nature are fre- 
quently encountered. A curious point about the rule of the 
road is that everywhere in Spain the rule is to keep to the 
right except in Madrid, where it is reversed. 

Gasoline is sold in 5, 10 and 18 litre cans. It is generally 
very poor stuff, and during the war has been costing the 
motorist as much as 15s. per gal., due to the shortage. 

—Motor (London). 
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EFFECT OF TEMPERATURE ON RESISTANCE OF 
SPARK-PLUG INSULATION 


N investigating the effect of temperature on the resist- 

ance of insulation used in spark-plugs for internal-com- 
bustion engines, the particular question on which information 
was desired was whether the conductances of plug insula- 
tions at temperatures likely to be found in engine cylinders 
are sufficient to short-circuit the high-tension system of a 
magneto or induction coil and thereby prevent sparking at the 
plugs. There seems to be no widespread agreement among 
engineers as to the temperatures to which plug insulations 
are raised in service. The temperature differs considerably 
in different engines. Some are of opinion that plug insula- 
tions need not be designed to resist a temperature higher 
than 300 deg. cent., while others are of opinion that tem- 
peratures as high as 600 deg. cent. may be expected. Sat- 
isfactory operation of a spark generator, whether it be a 
magneto or induction coil, depends, among other factors, on 
adequate plug insulation. It is important to know, therefore, 
exactly how commercial insulating materials behave under 
temperature conditions likely to be found in an engine. The 
results of temperature tests on plug insulations have already 
been published by different investigators, but so far as the 
writer is aware they have not been associated with figures 
that show the limits at which fall of insulation resistance 
renders a plug useless. As is well known, certain types of 
insulating material show a rapid drop in resistance above a 
certain temperature. It is also well known that both mag- 
netos and induction coils are capable in different degree of 
overcoming the adverse effect of some leakage at the plug 
without serious deterioration of the sparking. With the 
object of bringing these two facts into quantitative relation- 
ship, the investigation was divided into two parts, one deal- 
ing with the effect of heat on plug insulation and the other 
with the effect of plug leakage on sparking. 

Thirteen plugs by different makers were chosen. These 
are designated by letters, and the country of origin together 
with the nature of the insulation is given in the following 
table: 


Plug Country of Origin Insulation 
A .... United States Porcelain 
B .... United States Porcelain 
C .... France Porcelain 
D .... Great Britain Porcelain 
E .... Great Britain Porcelain 
F Great Britain Porcelain 
G .... Germany Porcelain 
H .... France Porcelain 
I wees France Porcelain 
J .... Great Britain Porcelain 
K .... Great Britain Mica 
L .... Great Britain Mica 
M .... United States Mica 


Each plug was tested as a whole, that is to say, with the 
insulation contained in its metal body as in service, and each 
in turn was heated in a small electric muffle. A megger was 
connected by wires with the central electrode and the body, 
and the temperature of the muffle interior was indicated by 
a thermo-couple instrument. Before each test the plug was 
heated for 1 hr. at 500 deg. cent., and the resistances were 
taken at intervals during the subsequent cooling. A and B 
were practically identical, as were also C and D. The tem- 
perature difference between the two pairs at 100 megohms 
resistance was 20 deg. cent. The differences between FE, F 
and G were small. When indicating 100 megohms resistance 
F was at 10 deg. cent. higher temperature than E, and G 20 
deg. cent. higher than Ff. H, I and J were practically iden- 
tical; also K and L. Only one plug, M, gave an infinity re- 
sistance reading at 500 deg. cent., and the insulation in that 

































































case consisted solely of a mica wrapping. In the other two 
mica plugs, K and L, mica washers were used. 

From the rapid manner in which the resistances fall off 
above certain temperatures it might be inferred that the 
insulations were practically useless above those tempera- 
tures. Perfect plug insulation, though always highly desir- 
able, is not absolutely essential to proper operation of a spark 
generator, and before any judgment can be pronounced on 
the serviceability of the plugs tested it is necessary to know 
what leakage at a plug will completely prevent sparking by 
a magneto or induction coil. 

To obtain this information a plug was secured to a com 
pressed-air chamber of the kind frequently used for testing 
plugs and spark generators, and a variable water resistance 
was arranged in parallel with the plug. This system was 
connected in turn to a magneto and an induction coil, and 
the resistances just capable of putting out the sparks at 
different speeds were measured by a megger. The magneto, 
which was of British manufacture, was of the rotary wound- 
armature type giving two sparks per revolution, and the coil, 
made in the United States of America, was of the usual 
cam-operated interrupter type working with a 6-volt bat- 
tery. This particular coil was designed for six-cylinder en- 
gines and was constructed to give sparks of approximately 
uniform energy over a normal working range of speed. Eacl 
apparatus was tested with the plug gap under air pressure 
of 60 lb. and 90 lb. per sq. in., the sparking voltages being 
respectively 6400 and 8800. As would be inferred from the 
general characteristics of these two types of spark genera- 
tors the magneto was capable of overcoming a larger plug 
leakage than the induction coil. 

The conductances of all the plugs, except M rise in differ- 
ing degree after certain temperatures have been passed. The 
conductance or leakage necessary to extinguish the magneto 
sparks rises with the speed of the machine, while with the 
induction coil it falls slightly. In both cases increase of 
spark voltage as determined by the air pressure in the test 
chamber diminishes the permissible leakage. The induction- 
coil tested is clearly not as well adapted to deal with plug 
leakages as the magneto. As regards the plugs, it is ob- 
vious that the permissible leakage must never be sufficient 
to extinguish the sparks. From the tests it is shown that 
in the case of plugs A to D, working with the induction coil 
when giving 3000 sparks per min. under the conditions of 
the test, sparking would disappear at a temperature of 340 
deg. cent., while with the magneto sparking would disappear 
at 500 deg. cent. Similarly in the case of plugs E to G, 
sparking by the coil would disappear at 480 deg. cent. and 
not at all with the magneto. In the case of plugs H to M, 
temperatures up to 500 deg. cent. would have no effect on 
the sparking produced either by the coil or the magneto. 

In interpreting the results of these tests it is necessary to 
bear in mind that the spark voltages, while of the order 
used in the testing of spark generators, are undoubtedly 
higher than are met with in engine practice. There the 
spark voltage is usually from 5000 to 6000. The differences 
between these figures and those of the tests can be accounted 
for by the higher temperature of the engine gases. In the 
tests the temperature in the compressed-air chamber was 
that of the atmosphere. 

The net result of the investigation on the practical side is 
that insulation leakage, due solely to temperature as found 
in the plugs tested, is not serious. It is however always 
desirable to keep plug leakage at high temperatures 
as low as possible, and leakages as high as those found in 
plugs A to D should be avoided.—J. D. Morgan in Engineer- 
ing (London). 


Vol. IV 


June, 1919 


No. 6 








Col. Bishop’s Address at the President’s 
Reception 


innovation in the form of a Ladies’ Night and 

a reception to the retiring and incoming officers 
of the Society at the Hotel Astor on Wednesday eve- 
ning, Feb. 5. It was preceded by a lecture by Col. W. 
A. Bishop of the Canadian Air Forces, who is credited 
with having downed seventy-two enemy planes. The lec- 
ture, which was illustrated by still and motion pictures 
showing the character of the country in Flanders and 
some of the planes in the air, was listened to with rapt 
attention by a large audience. Extracts from Col. 
3ishop’s lecture are given below. 

I took up flying because I was sick of the cavalry. I 
had enlisted in the cavalry at the beginning of the war 
in Canada, and after some time we got to England. We 
were sent to a very muddy camp there, and from the day 
we arrived until 6 weeks later it never stopped raining 
all the time. Then they decided to move us, and we were 
sent to a sunny part of England, down on the south coast, 
and the sun was shining beautifully when we got there 
and it got quite hot. We stayed there about 4 weeks. 
The wind blew the sand, the horses got ill, and we had 
to move again. Of course, the day we started to move 
to a cooler place it started to rain again, and it did not 
stop for 2 weeks, with the result that our horses took 
sick again. One morning I got up at five o’clock, and an 
airplane passed overhead in a blue sky. Down on the 
ground the mud was as high as our knees, and I was 
smelling very horsey, and was just about fed up with 
the whole thing, so I decided that the airplane was 
better than the horse. That night I asked my colonel 
if I could go in for the airplane. I expected to be turned 
down, but instead he simply said ‘‘Go!” 

I went to the air camp and commenced to train, and 
for the first week did practically nothing. Then I was 
told I had to start a course, the first thing being to 
practice the Morse code. I practiced on Morse code for 
a week, by which I mean that I went down with six people 
into a field, and slept behind a haystack from nine o’clock 
in the morning until six o’clock at night every day. 

A week of this was very nice, but after that it began 
to get stale, and I applied to go to France immediately. 
They told me the only way to get over was to be an 
observer. I applied for the observer’s course, and worked 
very hard, passing it on top. I mention this because 
it is the only course of study I ever passed on top, 
and I was very proud. The commandant was all right, 
and said, “Bishop, I am awfully pleased. I quite like 
you, you know. I suppose you know that the fellow 
who comes out on top gets a good job. You'll get a 
position as instructor.” So for 4 months I was an 
instructor. They would not hear of my going to France 
at all, and just about Christmas, 1915, they passed a new 
regulation. That regulation said that under no circum- 
stances were officers to drive Government cars. This 
was all very well. We were quite willing to stop driving 
them, but it was very hard to break off the good habit 
on a day’s notice. The result was that just about Christ- 
mas I was driving a Government car through Salisbury 
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when I ran into a lorry. Both the car and the lorry were 
absolutely destroyed. It was a mystery to me because 
the inquiry proved I was going 4 miles per hr., and so far 
as we can learn the lorry was not moving at all. The 
chief result was that I found myself under arrest about 
2 hr. later, and then I was up, as I thought, for court- 
martial. The penalty was that an officer would be kicked 
out of the army. Naturally I was rather frightened. 
However, the commandant came along and said that he 
did not want to make too much of a fuss about it, and 
ended by saying that he was going to punish me in a 


different way. “I am sending you to France next week,” 
he said. 


Types or PLaNnes Usep 


Now, before going any further, I want to talk a little 
bit about airplanes. We used three distinct and separate 
kinds of airplanes in the war. Dividing them into three 
different kinds, there were the single-seater, the double- 
seater, and the three or more engine machine. This last 
machine was being developed very rapidly just toward 
the close of the war, and if the war had gone on 3 days 
longer, twelve of the latest type of these big machines 
would have been going 800 miles from their base in 
England and would have dropped their eggs in the city 
of Berlin. 

I have not time to touch very much on the work of the 
airplane. It has been used for practically every purpose, 
and I will mention just one. That is for cooperation with 
the artillery on the ground. This is done by wireless 
messages sent down from an airplane to a receiving sta- 
tion on the ground, and all the signals as to where the 
Boches fall are recorded and sent back in that way. 
This work is very dangerous. It is done with a double- 
seater machine, and this machine flies alone. It is fre- 
quently attacked. 

A fellow by the name of McLeod had a very hard fight 
while so engaged. He had been flying by with his 
observer when he was attacked by ten Hun machines, 
and in the fight that followed four of the Huns. were 
shot down. McLeod was wounded in six places, and the 
observer was so badly wounded that after hitting the 
fourth Hun he fainted. The fifth Hun came down on 
top of them and set the machine on fire. McLeod found 
flames all around his seat. He was intending to leap, 
rather than be burned in the air. He realized that he 
could lean over his seat, and the machine was naturally 
driving toward the earth all this time. He managed to 
get hold of the control stick, and about 20 ft. from the 
ground partially flattened out, with the result that they 
crashed to the ground at an angle into some shell holes 
in “No Man’s Land.” Immediately every German gun 
around, both the artillery and the people in the trenches, 
opened fire on them. McLeod was thrown 20 yd. clear of 
the machine by the crash. He then crawled into the 
burning machine, and in that awful heat pulled out his 
observer, dragged him to a shell hole, and then fainted 
himself. They found them there, and 2 days later 
awarded him the Victoria Cross. ' 
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Now we come to what I really think to be the most 
interesting part of flying, that is fighting in the air. 
Fighting in the air we found was a tremendous strain 
on the pilot, and in England, in the Royal Air Forces, 
we found the pilot could only fight for 6 months at a 
stretch, and then it was necessary to give him a rest. 
The rest usually consisted of 6 months or more, and 
was made up of going back to England and instructing 
others to fly. Most of us found this much harder on the 
nerves than fighting in France. 

I have often been asked just what makes up the best 
kind of fighting pilot. In my experience, of all the pilots 
that went from this country to England, I have never 
seen a man who did not make absolutely good. 


I was in command of a big camp in England for some 
time, and we had a great system worked out there whereby 
everything ran smoothly. I did not have any Americans 
on the earth. Along came a batch of about twenty 
Americans, and I had trouble right away. It originated 
from the fact that I had a system whereby each instructor 
had three machines. One of them was his own machine, 
absolutely a sacred thing, and no one else was to use it. 
As soon as the Americans came along I had trouble with 
my instructors. One of them came to me and said that 
he had a new machine, in perfect condition, which he 
had left in the airdrome. He went in for a minute, and 
when he came out it was gone. He said that the worst 
part of it was that one of those Yanks had it and would 
not be down for 1°4 hr., when the gasoline ran out. It 
was absolutely the case. I found things got smooth after 
a while and decided to take three Americans with me 
in a picked squadron. I was successful, and I knew when 
I got to France all this trouble would be over because 
each would have his own machine, and there would be 
no more swiping. 


When I got to France things seemed to run much 
better. We were given 14 days when we _ were 
ordered not to cross the lines. We had to practice flying 
and shooting for those 14 days. These three Amer- 
icans would go up in the morning and in the afternoon 
come cown. I said, “What do you do, practice shooting? 
How do you get down?” The tenth day after I had been 
out two of them came down looking very sheepish. I 
did not know what was up. Half an hour later I was 
down at the shed, and the mechanic said, “Have you seen 
those two machines that just came down? They are 
absolutely riddled with bullet holes; one of them has 
over sixty.” I went around and asked them what was 
the trouble. It turned out that these three fellows would 
not go together because they were afraid the others 
one would give it away. Somehow they would go up to 
the edge of the airdrome and practice flying, and would 
go over to the lines. Then they would go across, because 
they were afraid they would be recognized. They would 
go more than 10 miles over the line looking for fights, 
and, believe me, they got them. 

The same was true of the American people on the 
ground. The people who came up to the British sector 
had a wonderful reputation. On one occasion the British 
liaison officer was instructing the commanding officer of 
two American battalions what they were to do in the first 
attack. He told them they were to go a mile over No 
Man’s Land and then stop; that was to be,heir objective, 
and whatever they did, not to go furthgy. He was not 
absolutely sure about getting that far, but then when 
the attack came off, and the Amerigans swept on and 
took their objective, they did not recognize i,,;and went 
straight on. The result was that the colonel was 


464 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


furious. He was an old soldier, and loved orders above 
everything else. He came up to the American officer 
about a week later. He had been watching for a chance 
all the time to get his knife in him, and at last it came. 
He said, “About that attack last week, I have nothing but 
praise for your men, but there is something wrong; I 
told you to get your objective and stop there.” ‘How in 
Hell could we stop them,” was the reply, “if the whole 
German army could not?” 

It is absolutely true that whenever American, Cana- 
dian, New Zealand or Australian troops moved into the 
lines, they moved into a very quiet sector. I can remem- 
ber distinctly a place where some Canadians moved in, 
and also how certain we were that that quiet sector 
would develop into a raging hotbed in a few hours. Wher- 
ever those troops moved, fighting moved immediately. 


Tue First AERIAL FIGHT 


I am going to describe my first fight in the air, because 
a man’s first fight is really one of the most thrilling things 
in his life. It was on March 25, 1917. I was out with 
three other people, and I had never had a fight. I had 
been out a few days previously and had seen a Hun quite 
close. I saw his black crosses and everything else, and 
somehow or other I did not realize that I was there to 
fight him, and he was there to be attacked, so I watched 
him fly along and go away. Later, when I came to my 
senses, I kicked myself. The result was, however, that 
I was put on the rear of the next patrol that went out, 
and flying along on this patrol were four of us altogether. 
I saw three specks in the sky way off in the distance. I 
thought of the possibility of their being Huns, but had 
no thrills over it. They came closer and my leader 
turned around to give the impression that we had not 
seen them. The Huns followed us, and we slowed up. 
When we were about 300 yd. away we all turned around, 
and we were going for them, when one of our members 
saw one of the Huns dive away before we had opened 
fire. He did not have sense enough to watch him; did 
not take interest. The second I saw him come up un- 
derneath my companions, a sort of a wild desire not to 
shoot him but to get him away possessed me, and so I 
dived on top and opened fire, and he dived away. I 
thought I had taken aim quite accurately, but evidently 
I had not. He came up a second later and dived again. I 
dived on him quite close, about 20 yd., and pulled the 
trigger. I was only 20 yd. away from him, was 
aiming with a telescopic sight, and I had that Hun’s back 
and shoulders right in the middle of the saddle, so it 
is no credit to me that I hit him. 

I saw the tracer bullets going in his machine just behind 
his back, and then the Hun dived away, and went into 
an uncontrollable spin. Still I did not realize that I had 
probably shot him down. I dived after him, thinking it 
was only a Hun trying to pretend and get away, and I 
had forgotten about the remainder of the fight. At 9000 
ft. we started this dive, and I went down vertically to 
1500 ft., when he crashed into the ground underneath 
me. I then pulled my machine out of the dive with a 
thrill that can only come from shooting a Hun machine 
down. The thrills passed very, very quickly when I re- 
alized that I had forgotten about my engine. In the long 
dive it had become choked with oil, and there was not a 
sound from it. I then realized I did not know where I 
was, whether over the Hun trenches or our own. I finally 
came down in a field, still not knowing where I was, or 
on which side. I jumped out of the machine and lay 
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down in a ditch nearby. Some British Tommies finally 
came along and crawled up to me, and believe me I was 
never so glad to see khaki in my life. They told me that 
I had actually landed between the Hun outposts and our 
own. The Huns had retreated from the ditch I was in 
about 2 hr. before I got there. That finished me. I was 
just about to lie down when one of the Tommies said to 
me, “If we dash down quickly we can get your machine 
into a hollow. As it is, it is right in plain sight.” I did 
not like running out in plain view of the Hun, but I could 
not very well refuse, so I said, “All right,” and we made 
a run for it just as they started to shell us. One shell 
came screeching over. I had never been told what to do 
when I heard a shell overhead, so down I went as far as 
I could on my stomach. The Tommies simply laughed and 
stood up. The shell went about 200 yd. away; their ears 
had told them that it was not coming anywhere near us. 
A second later I just made up my mind I was going down 
when they did and not before. In a couple of minutes 
there was a little bit of a sound overhead, and about 15 
yd. from where we were standing a shell dropped. I did 
not hear that thing coming at all, but by the time it hit 
the ground the others were flat on their stomachs, with 
me standing. Needless to add, though, the shell did not 
go off, and the laugh was on the other side. 

One of the hard things to teach young pilots is not to 
straggle under any circumstances. They always seem 
to do it. They do not realize the tremendous danger of 
getting even 200 yd. out of their formation, where they 
are so apt to be attacked and shot down before any of their 
companions can help them at all. On one occasion, in 
June, 1918, I was flying near Ostend, having been watch- 
ing a formation of nine Hun fighting machines. I 
got to the east of them because they would be looking 
for machines coming from the west, from the direction 
of the trenches. It was early morning and the sun was 
shining from the east. I watched for approximately 15 
min. before one of the Huns straggled, and then one of 
their number, just after the whole lot had turned, went 
off to one side, did two loops and a couple of rolls and 
turned over on his back, climbed up again and for about 
% min. thoroughly enjoyed himself. I was glad to see 
him enjoy himself, especially at that moment, because I 
did not think he would a little later, and I dived down and 
caught him 400 yd. behind—he didn’t see me at all. I 
shot him down and got out of sight before the remainder 
of his companions managed to get a shot at me at all. 
It seemed really too good to be true to get away without 
even one bullet being fired at me, and I decided to see 
what they would do. In about % hr. they flew back, and 
in all my life I never saw eight little Huns stick so closely 
together. Finally one of their number got about 200 yd. 
behind their formation. I decided to risk the chance 
again. I made as fast a dive as I could at him and 
opened fire and luckily in my first ten shots brought him 
down and got nearly 1000 ft. away before any of the 
Huns turned around and fired any shots at me. I man- 


aged to get away without even getting a bullet in my 
machine. 


ATTACKING BALLOONS 


Attacking balloons is one of the most dangerous sports 
that the war has produced, because, in the first place, a 
balloon may not be occupied. The pilot of the machine 
that attacks it may find it is merely full of explosives, 
just to entice him to come down and be blown up; or 
he may find himself in the middle of an anti-aircraft 
drome. The first balloon I attacked I had difficulty in 
finding. I knew where it was, but I had not had much 
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experience in flying and I wanted to see it in the air 
before I took the dive. I had been flying around in a 
circle of about 5000 ft. and heard a crackle behind me but 
somehow I did not realize what it was. I waited for a 
second and heard it again. As I glanced out along my 
plane I saw a number of bullet holes, two or three actually 
appearing while I was looking. That was enough to make 
me look behind and very gruesome. A scarlet Albatross 
was driving toward me from directly behind. The ma- 
chine came diving down and I had just presence of mind 
enough not to dive away to give the enemy a longer shot. 
My thumb just automatically pressed the trigger and the 
Hun went down. The next thing was the balloon. I was 
quite content to go home without worrying about the 
balloon, but I realized that if I did go back and say that 
I had shot the Hun down and had not seen the balloon 
or touched it at all, they would simply send me out for 
it again, telling me I was sent for a balloon and should 
get it. So I looked around and suddenly saw the balloon 
on the ground. They had seen me about and had pulled 
it down to the ground. I dived after it over 5000 ft. and 
opened fire from about 500 ft. I fired about thirty to 
fifty bullets, I think, into the big bag, and nothing par- 
ticular happened. A lot of the Huns were running 
around, so I took a few pot shots at them. They ran all 
the faster. Then I glided out of my dive, realized that 
I had forgotten about my engine once more, and glided 
into the next field, thinking I would have to come down 
and land. All the thrill of shooting the Hun was gone. 
I was thinking of the wonderful reception I would get 
from the Huns in the next field and what it would mean 
at home, when one of the cylinders gave a kick, then two, 
and almost simultaneously the whole lot fired with a roar, 
and I got away. I looked over my shoulder and saw that 
the balloon was a mass of blaze. To return from a trip 
of this kind means flying very slowly, and you are a fair 
target for any anti-aircraft guns. The other alternative 
means flying well under 10 ft. from the ground, and 
sometimes closer. In some cases I was only 2 or 8 ft. 
off the ground, the idea being that when I was in one 
field the people in the next one could not get a decent 
shot at me, and if the people were in the field I was in 
they could not get a decent shot at me. One field was 
fairly long. I entered it at one end. At the other 
and was a big bunch of very excited Huns with two 
machine guns. I flew toward them doing well over 10¢ 
miles per hr., yet when I reached the other end where 
the Huns had been there was not one within 30 yd. of that 
gun. I have to admit that I did fire a few shots at 
them as I approached, something a pilot should never do. 
In the middle of a fight a machine is apt to be badly 
damaged without the pilot’s knowledge. 


Tue Last Ficut In THE AIR 


The most thrilling fight in the air I have ever had was 
my last one. It was also my most successful combat, and 
especially nice for me because it was the last. I had 
been ordered quite unexpectedly to go back to Eng- 
land and take command of the Canadian Air Force. I had 
been in France with a picked squadron of which I was 
very proud and every man of which I loved. I did not 
want at all to return to England. In the few remaining 
days I did all the flying I could. Then I was ordered 
to return t. England by the next boat. This meant leav- 
ing the ne t day at noon. In the morning I went out 
about 9:40 just in the hope that I would meet one Hun, 
and aiter a good flight I crossed the lines. It was a 
very } d day, the clouds being only about 1000 ft. high 
I looked around for some time, and, not seeing a Hun, 
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came back toward the line. There I saw three fighting 
Hun machines. The Huns saw me at the same moment 
and evidently supposed I was a lone Britisher and lost. 
They came toward me, intent upon getting me. Two 
more Huns commenced to come closer, little by little, 
wanting to join in the picnic, as the first three Huns 
attacked me. After about % min. of maneuvering, I 
managed to get a shot in at one of the first three Huns 
and shot him down. The second one, unnerved for a 
moment, turned around, and in so doing collided with 
the third, the two clashing and falling together. That 
finished the first three. The remaining two did not like 
the look of things. They turned about 300 yd. away and 
started to make off. My blood was up, so I took after 
them. Three hundred yards was too long a range to 
shoot, so I did not open fire. I closed up to 200 yd. I 
realized that they would probably pop into a cloud and 
escape if I did not take a chance on a long shot, so I 
very carefully took the 200-yd. shot, and one of them 
fell. The last one jumped up into some cloud and es- 
caped. Now, I got four Huns, two of them through abso- 
lute luck, but the funny part of it was that my main 
feeling was one of annoyance. I was really very annoyed 
at having missed that fifth man. It seemed rather a 
shame that on my last trip I could not get that fifth 
fellow and clean the whole bunch up, so I decided to 
wait around. Better sense came along, however, and I 
decided that he might come around again, but not where 
I wanted him to. I was flying along about 10 min. later 
when I ran into a Hun two-seater machine. I had hardly 
any ammunition left. This Hun had evidently not had 
a fight that morning and was out for one. He came in 
my direction, firing all the time. You know one of the 
most annoying things in the world is to be fired at. I 


June, 1919 No. 6 


simply had to fire back. Luckily I was the better shot 
of the two. He fell in flames. The whole thing took just 
12 min. by the watch. Two hours later I was on a boat 
heading for England. My fighting days were absolutely 
over. 

Now, just before I close I would like to give you a 
message. We have been fighting the Hun on the other 
side and realize just what sort of a fellow he is. We 
have learned this at great expense, and we must not 
forget it. There are many outstanding things that 
really prove what we have learned, things like the atroci- 
ties at sea and the atrocities in Belgium. The atrocities 
during the retreat were just as bad as they were in 1914. 
To give you an idea of what the Hun is, just before the 
armistice was signed he was retreating very fast and 
did not have time to bury his dead. We always had 
orders to bury the German dead in exactly the same way 
as our own and this was always done. The Huns knew 
this, and our men going out to bury their dead touched 
them and were blown to bits. They not only actually left 
out the bodies of their own comrades and brothers, but 
mined them. A human being can hardly conceive such 
a thing possible. We have learned the way of the Hun. 
Let us never forget it. The thing to watch out for is 
German propaganda, which is very active. Such rumors 
as those that went about to the effect that the French 
wanted to charge rent for the trenches occupied by the 
Allies, and one I heard in England, that the French Gov- 
ernment had officially requested the American Govern- 
ment to pay for the damage its shells had done to con- 
quered territory, are all lies. It is up to every man and 
every woman to face this propaganda in exactly the same 
way we faced the war, the way the friends fought and 
died together as brothers. 


STATISTICS OF RACING CAR FAILURES 


N a recent issue of La Vie Automobile, Robert Faroux 

presents some interesting figures on the defects resulting 
in the failure or withdrawal of racing automobiles in the 
past 10 yr. The article gives the results of a careful study 
of failures of cars in 84 tests and 1000 cases of withdrawal 
from races and trials. The engine was the offender in a 
majority of the cases, while tires, which are often considered 
the weak spot of a car in severe road tests, had a remark- 
ably low record of failures. 

A study of these figures reveals some rather unexpected 
causes of trouble. While the treatment to which the valves 
are subjected is severe and it is not surprising that they 
should be responsible for nearly 12 per cent of the fail- 
ures, the breakdowns resulting from the cylinders them- 
selves is unexpected. This is accounted for in the author’s 
opinion by defects in the casting or the modification of 
working conditions by the high temperature which occurs 
in the interior of the cylinder. Steel cylinders are not re- 
sponsible for a single retirement. Another interesting point 
is the low percentage of retirements caused by tire trouble. 
Fven at speeds in éxcess of 70 miles per hr. they were re- 
sponsible for less than 3 per cent of the retirements or less 
than the clutch or the rear axle. 

The causes of trouble as tabulated by Mr. Faroux are 
given as follows: 


ENGINE 

ae ee ate 119 Lubrication ........ vw) = 
ee eee 100 «6©6°‘Camahaft ......0<. ciel’, OME 
Connecting-rods ....... 83 COPDUPCTEP cc ccccecces 13 
Cooling system ........ 65 Distribution gear ...... 7 
en Dt  EMMMMONSE £sc cccavices 7 
a ae ae eee 47 PEUWUOE oad etki ees f) 

MMR Boi seruis arora eowlg SEU ee REE, Oo Ben tao. dene 544 

TRANSMISSION 

oo i aaa 34 Universal joints ....... 14 
ae ie ears Se. SMPOVONGIAL 2... 66s006~- 9 
Transmission .......... Be MONT GO 6 gk hsv eecanes 57 
worqme tune ...... 5. 17 

UN ean halk we naira ro Oa Se nS eee A 187 
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RE Pree 45 eee 9 
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A Theory of Plate Springs 


By Daviw Lanpau (Member) anv Percy H. Parr! (Non-Member) 


(Part IT)? 


HE reader who has followed our exposition with 
sufficient care may find some objections to make, 
and be inclined to take exception to a statement 
here and there as not having been proved; this may well 
be the case to an even greater degree with the engineer 
who has had much experience in the use of plate springs. 

Most spring makers have noticed that the short plate is 
the one that breaks most often on ordinary plate springs; 
thus far, then, our theory has offered an intelligible and 
as we hope to show ultimately a true explanation of the 
observed facts. On the other hand, there are many 
exceptions to this breakage of the short leaf. It is beyond 
contradiction that with many makes of springs other 
plates break with equal, in some rare cases with even 
greater frequency. For instance, in a series of endurance 
tests made a few years ago on several hundreds of springs 
the majority of the breakages occurred in the master 
leaves; in several cases the intermediate leaves broke; 
and in only a comparatively small number of cases was 
the fracture confined to the short leaf. Why should 
this be? From the exposition of our theory, as given 
thus far, it might reasonably be asked: “If your theory 
is correct, how is it possible that any plate other than 
the short one can break first?” 

How can we, then, on the basis of our theory, account 
for the many apparent exceptions to it? The answers 
to these questions are fairly simple, but the formal proofs 
are tedious and long. 

There are two principal causes which operate to induce 
a leaf in a leaf spring other than the short one to break 
first. At this point we shall name only one of these, and 
that is the tapering of the ends of the leaves. 


Errect or Tarperep Lear ENpbs 


This one cause, tapering, produces the most astonish- 
ing modifications in the reactions, and, of course, in the 
stresses on the leaves, and our theoretical investigations 
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» and long practical experience justify the definite state- 
ment that next to the homogeneity of the molecular 
structure of the finished product the tapering of the 
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ends of the leaves is of the greatest importance; and 
to obtain the best results in the longevity of a plate 
spring this tapering should be carried out with mathe- 
matical exactitude. 

The mathematical proof of the above statement is 
rigorous, but not too easy, and an attempt will be made 
first to give a mental concept of the physical effects. 
Let us consider, for example, Fig. 10. This is the same 
as Fig. 3 with the exception that the short leaf is tapered 
in the plane of the width, and for illustrative convenience 
only we have shown the most simple taper. It is clear 
that with any given load placed on the end of the short 
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leaf it will deflect more than it would if it were not 
tapered. This is a simple and obvious fact, which does 
not seem to require a formal proof, but which is of the 
greatest importance. In other words, the effect of taper- 
ing the end of a leaf is to make that leaf as a whole 
more flexible; also, since the leaf still has the same 
section at the point of maximum stress, namely, at the 
point of encastrément, the safe load that can be placed 
thereon still remains W,, although this load will cause 
a greater deflection of the short leaf than of a non- 
tapered leaf. This being granted, we may next consider 
the effects on the leaf above. 

Since the load W, on the end of the short leaf—for 
convenience it may be taken as the load producing the 
maximum allowed stress in that leaf—can only come 
from the pressure of the plate above on it, it follows 
that the plate above must deflect a greater distance when 
the bottom plate is tapered than when it is not. “To 
obtain this greater deflection of the plate above we must 
place a load W, on it, which is greater than it was in the 
cases of the non-tapered bottom leaf shown in Figs. 
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8 and 9. Some readers may take exception to the state- 
ment that the load W, becomes greater in this case; 
their judgment is not to be questioned here, but we 
ask them to withhold any contrary opinion until we 
give, the more rigid proof; we ask them to accept pro- 
visionaliy our statement that W, is greater when the 
bottom plate, No. 1, is tapered than when it is not. On 
this basis we will continue. 

Assuming, then, that W, has now become greater than 
4/5 W, (the value found in Part I of this paper), we 
see that we have the apparently curious result that when 
we taper the end of the leaf below we can increase the 
safe load on the leaf above, and, of course, on the spring 
as a whole, a result that would hardly be expected, still 
less looked for. This concludes, briefly, the “word pic- 
ture” of the principles in question, and of whith the 
formal proofs will be given later. 

To avoid misunderstanding 


concerning tapered-end 
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leaf springs it is to be understood that we use the word 
taper in its most general sense except in cases where 
it is specifically given a limited meaning. A taper, 
straight. or curved, in width only, as in Fig. 10, or a 
taper in thickness, or any combination of the two, can 
be assumed to apply with equal force to the discus- 
sion. 

Consider, again, Fig. 10. We have stated that W,, in 
this case, is greater than the corresponding W, of Fig. 3 
for the same value of W,. Suppose, then, that W,, in- 
stead of being equal to 4/5 W,, as was the case for 
Fig. 3, is now equal to, say, 9/10 W,, and let us see 
what happens to the stress distribution in the two plates. 
The result of this assumption is shown in Fig. 11, which 
is to the same scale as Fig. 8, in which we showed the 
stress distribution for the two-leaf spring of Fig. 3. 
The most important result is that the stress in the main 
or master leaf has increased by about 6 per cent on 
an average, hence the metal in this leaf, which still is 
not stressed as high as that in the short leaf, is being 
used to much greater advantage. The stress in the short 
leaf has been increased slightly in the tapered part, but 
the difference here, while not of great account, is all 
in the direction of greater load capacity per unit weight 
of spring; the weight of metal has been reduced, and 
that which has been left is utilized to greater advantage. 
The whole effect, then, may be stated thus: 

If, in any spring, the “plate below” is tapered in any 
of the well-known ways, the stress in the “plate above” 
is increased, and therefore, within certain limits to be 
defined later, the safe load on the spring as a whole 
may be increased. 

The history of the theory of plate springs indicates 
that this very important effect (tapering) has never been 
cecnsidered seriously by any previous investigators. 
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We have already seen that with any plate spring com- 
posed of non-tapered plates of equal cross-section the 
stresses in the upper plates are less than those in the 
lower, and that the effect of tapering the ends of the 
lower leaves is therefore to increase the stresses in the 
upper. The question naturally follows, Is it possible 
to arrange the tapers so that the reactions and stresses 
shall all be equal? The answer is in the affirmative. 
A spring having these characteristics can be constructed, 
and one is shown in Fig. 12. This is the special spring 
on which all the old and ordinary formulas are based, 
but it never, or at least very rarely, occurs in practice. 
It will be shown later that such a spring, made of equal- 
thickness plates, and in which the tapers are made so 
that the moment of inertia is everywhere proportional 
to the ending moment in the overlap or step has equal 
reactions and the stresses are everywhere the same. 
Theoretically, this should be the ideal spring, as it would 
theoretically carry a load directly proportional to the 
number of plates. There are other modifying circum- 
stances, however, which will be duly discussed, and such 
springs, in consequence, are not to be found in general 
use. 

Before closing this general description of the physical 
effects of tapering the ends of the leaves we must push 
the question a little further, and ask What is the effect 
of tapering the plates too much? The answer is that the 
reactions go on increasing, and after a certain limiting 
amount of taper any further tapering will cause the 
stresses to be greater in the upper leaves than in the 
lower. Since, from a practical point of view, it is usually 
most important that the master leaf of a spring should 
not be the first one to fracture, it follows that an exces- 
sive amount of tapering is most objectionable in prac- 
tice. It appears, also, that the exact details of the 
tapering are of the utmost importance, and it is mainly 
through the study of this major detail that we have 
been able to obtain some of the results indicated in the 
first part of the paper. 

The physical illustrations of the effect of tapering the 
ends of the leaves can no longer be dealt with by 
exemplifications and analogy; they would soon grow so 
complex as to become unintelligible. The following math- 
ematical exposition will clarify the situation. 


GENERAL THEORY OF LEAF SPRINGS 


Had we followed the usual sequence, the general theory 
of leaf springs, of which the larger portion of this part 
of the paper is an exposition, would have been treated 
in the first part, but for reasons already stated the actual 
complexity of this apparently simple subject indicated 
that it would be advisable for us to discard custom to gain 
in clarity. ' 

If a leaf spring be constructed so that each leaf is in 
contact with its adjacent ones along its entire length, 
but without pressure—when in the unloaded or “free” 
condition—then, on the application of a load one of 
three things may happen: (1) The leaves may separate 
everywhere except at the tips and at the center point 
of encastrément; (2) the leaves may continue in con- 
tact everywhere, but without pressure except at the tips; 
and (3) the leaves may tend to foul one into another, 
so that there will be pressure acting between the leaves 
for a greater or lesser part of their length. Part I of 
this paper dealt with the first condition, which is usually 
of the greatest importance. The second condition can 
be considered as the limit of either the first or the third, 
thus forming the line of demarcation between them. 
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The first case considered the leaves when subjected 
to load to remain in contact only at the center point of 
encastrément and at the tips. Most commercial springs, 
especially those of the cheaper grades, and the heavy 
springs used by the railroads, fall into this class. The 
second case will be examined from the point of view 
of being the limiting case of the first; it is not of much 
actual importance, but should be considered to make 
the study complete. The third case is not of common 
occurrence in practice. Nevertheless, it is becoming more 
so, and may occur either through design or through the 
accidents of manufacture. It is of considerable import- 
ance and will be considered in due course. 

We will consider first the two lower plates of a spring. 
Referring to Fig. 13, the load on the end plate, No. 1, 
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WITH 


or the reaction between plates Nos. 1 and 2, is W,. The 
load on the end of plate No. 2 is W,. Considering the 
bottom plate, No. 1, the load W,, acting on it, will pro- 
duce a downward deflection which we will denote by 
y,, and we may write 
y= A, WwW, 

where A, is a coefficient which can be calculated when 
we know the section everywhere of plate No. 1. 

Now, considering the second plate, the reaction W,, 
acting at the distance l,, will produce an upward deflec- 
tion, say y,, at the distance l,, and we may put 

¥3 = A; W, 
where A, is a coefficient which can be calculated when 
we know the section everywhere of plate No. 2. 

Similarly, the load W,, acting on plate No. 2 at the dis- 
tance l,, will produce a downward deflection at l,, which 
we may denote by y,, and we can thus write 

Ys = A, W, 
where, again, A, is a coefficient which can be calculated 
when we know the particulars of the second plate. 

Next, considering the equilibrium of the two plates, 
it is at once seen that 

Y: = Y¥e— ys, or A, W, = A, W,—A; Wi, 
from which 
a 
W, A:+A; 
giving the ratios of the loads or reactions W, and W,,. 

We must next note that for the second leaf the reaction 
W,, acting at the distance 1, will produce an upward 
deflection y, at l,, and we may write 

v= 4, Ws; 
where A, can be calculated. 

Similarly, the load W,, acting at l,, will produce a down- 
ward deflection of y, at l,, and we have 


¥s = A, W, 
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where again A, is a coefficient which can be calculated. 

The total actual deflection then of the two-plate spring 
at l., due to the load W, which we shall denote by Y., is 
evidently 

Y,=y,—¥y,, or Y, — A, W:— A, W, 

The reasoning, unfortunately, is not too easy, although 
a careful study of the foregoing with the aid of the 
diagram will show that the question is merely one of 
equating to equality the upward and downward deflec- 
tions of the plates which are produced by the various 
forces. 

Having indicated the method of procedure as applied 
to the two bottom leaves, we proceed to the general case, 
and for this we refer to Fig. 14. It is to be understood 
that the y’s refer to the deflections of the individual 





Fig. 


14.—DIAGRAM FOR CALCULATION OF STRESSES IN A MULTIPLE- 
LEAF SPRING 


plates considered apart from the spring as a whole, and 
the Y’s refer to the deflection of the “partial springs,” 
thus: © 
Yan is the upward deflection of the n+ 1th leaf at 
Ins: due to the reaction Wn at In 
Ysn-. is the upward deflection of the n+ 1th leaf at lh 
due to the reaction Wnatln 
Ysn-2 is the downward deflection of the nth leaf at ln. 
due to the reaction Wn at In 
Ysn-2 is the downward deflection of the nth leaf at ln 
due to the reaction Wn at In 
Yn is the downward deflection of the partial spring of 
n plates at ln due to the reaction Wn at ln 
Now let Ysn-a — Ayn-a Wn 


cece ccccececccceccesecees (9) 
ra = Bn Ai. eve iaisas rhea lactase keegan (10) 
and Waa 2 Gow WS. 66000805 6h6etn peewee (11) 


Then a consideration of the equality of the deflection of 
the plates at the points of contact shows that 
Yan-2 — Yan-s — Yuna 
Aan-2 Wn — Aan-s Wn = Ba- Wa- 
from which we obtain 
Wn Aan-2 
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We also note that 


Yan-2 — Yan-s Yn 
or 


Aan-2 Wn — Aan-s Wn-1 = Bn W, 
from which 
Bn Aan-s — Aan-s Cn 
and these equations give the fundamental relations be- 
tween the deflections of the individual leaves, those of 
the partial and complete springs, and the ratios of the 
various reactions. 

It must be noticed that A,, the deflection coefficient 
for the bottom plate at the encastrément, is always zero, 
and that B,, the deflection coefficient of the partial spring 
of one plate only, is always equal to A.. 

The complete relations of a spring can now be calcu- 
lated, starting at the short plate, called No. 1, and work- 
ing upward, as is explained more fully in the succeeding 
paragraphs. 

The different values of A can all be calculated inde 
pendently, for they depend solely on the individual de- 
tails of the various plates; these calculations for various 
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cross-sectional variations of the plates will be dealt with 
fully later, and for the moment we will assume that all the 
A’s have been determined. 
Note that B, A. 
Next put n 2 in equation (12), and we obtain 
A, 
B.+A 
from which C, can be calculated. 
Then put n 2 in equation (13) and we obtain 
B, A,—A,C, 
from which B, can be calculated. 
Having now calculated C, and B., put n 
tions (12) and (13), giving 


es 


3 in equa- 


and 
B, A,—A,C: 
from which C, and B, are obtained. 

Proceeding in a similar manner, we get the deflection 
and reaction coefficients for the complete spring. The 
work is somewhat tedious, but not difficult, and after 
a few springs have been calculated it will be seen that 
the arithmetical computation can be systematized so as 
to minimize the actual amount of labor. It must be 


admitted, however, that the labor of working completely) 
out, say, a ten-plate graded spring is very considerable, 
and in practice, when many springs have to be calculated, 
a calculating machine is certainly desirable, indeed almost 
a necessity. 

The above exposition contains the complete theory of 
the deflection and reaction relations for all leaf springs 
which are such that the leaves do not tend to foul into 
one another, and therefore covers, as previously men 
tioned, the great majority of commercial springs. 

The most usual types of points are shown by Fig. 15, 
and the common names of these are as follows: 


No. 1 Square or plain 


No. 2 Trimmed or trapezoidal 

No. 3 Round 

No. 4 Circular 

No. 5 Parabolic, oval or egg-shaped 

No. 6 Square-tapered or plain-tapered 

No. 7 Trimmed-tapered or trapezoidal-tapered 
No. 8 Round-tapered 


No. 9 Circular-tapered 
No. 10 Parabolic-tapered, oval-tapered or egg-shape- 
tapered 
The two most important questions remaining are, (1 
the “nip” stresses, and (2) the “life” of the plates under 
the varying stresses produced in the metal when in 
use. 


Nip STRESSES 


We have previously mentioned that when a leaf spring 
is manufactured the leaves are shaped to different curva- 
tures, as indicated by Fig. 16, and this regardless of 
the number of leaves, their thickness, widths, etc. Now, 
when such leaves are assembled to form a spring it is 
patent that each leaf will be deflected more or less in 
either a positive or a negative—down or up—direction, 
with the result that there is produced an internal stress 
in each leaf of the spring. The clear distance between 
any one plate and the next, measured at the center when 
the plates are placed in contact at the ends, but without 
pressure, is termed the “nipping distance,” or the “nip,” 
and the stresses produced by clamping or bolting up 
the plates so as to touch at the center, are called “nip 
stresses.”” The word “nip” is of English origin, the 
American spring-makers’ shop phraseology being “pull” 
or “tension.” 

It will shortly be shown that the nip stresses, acting 
in conjunction with the stresses produced by the external 
loads, are of supreme importance, for it is the combina- 
tion of the two stresses produced by the nip and external 
load, or the static and dynamic stresses properly com- 
bined, which determines the life or endurance of each 
plate in a spring. 

The study of the nipping stresses has been almost 
wholly neglected by nearly every writer who has con- 
tributed to the study of the leaf spring, and we have 
never read a paper in whi¢h the real utility, and some- 
times even the necessity, of nip was pointed out. The 
existence of the nip stress has been mentioned by Pro- 
fessor Perry in his “Applied Mechanics,” where he states 
that to overcome the effects of “this objectionable prac- 
tice the shorter plates should be made thinner.” Of 
course, this would reduce the nip stressses, but could 
not wholly remove them; neither is it always desirable 
to do so. Paul Brennier, in his excellent memoir, ‘‘Etude 
sur les Ressorts,” has recognized the evil effects produced 
by these internal stresses. 

At first sight, it might appear that the practice of in- 
troducing nip into plate springs is most objectionable, 
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but further consideration of the conditions involved, espe- 
cially in the operation of automobiles, shows that the 
nipping of the plates in manufacture is not only desirable 
but sometimes absolutely necessary. In the case of 
springs which are never unloaded the nip is not re- 
quired, and is certainly undesirable if present in any 
appreciable amount; for example, in railroad springs, 
where the vehicles run on a smooth metal track, the nip 
introduced in manufacture is very slight indeed, being 
no more than that required to insure proper contact of 
the plates. On the other hand, for automobiles and 
motor trucks it is found, both in theory and practice, 
that nip is not only desirable but in fact necessary. We 
shall be able to show that the nipping of the plates in- 
creases the endurance of the upper plates in most cases, 
and particularly that of the very important master leaf, 
which is one of the advantages of introducing these 
internal or nip stresses. Of course, the reduction of 
probability of breakage in the main leaf is obtained only 
at the expense of the other leaves, but they are of com- 
paratively less importance; their breakage does not put 
the vehicle out of commission, as does main-leaf break- 
age, and the short plates are much more readily replaced, 
so that, on the whole, the advantage gained is consid- 
erable. 

There is another point of practical importance, hamely, 
that after encountering a sharp obstruction the wheels 
of an automobile frequently leave the road for an ap- 





Fic. 16 EXAMPLES OF THE DIFFERENT CURVATURES GIVEN SPRING 
LEAVES IN THEIR MANUFACTURE 

preciable time. In such a case, they may be and often 
are completely unloaded, even passing quite beyond the 
unloaded position on the rebound. Now, if there were 
no nip in the springs, as soon as they reached the free 
position the plates would separate, and in coming to- 
gether again would chatter, making an objectionable 
noise. This fact is well known. Again, if there were 
no nip, aS soon as a spring reached the free position 
there would be nothing but the stiffness of the master 
leaf to take care of the rebound, while with a spring 
which has been made with nip the lower plates have an 
effect in increasing the stiffness of the whole spring for 
some distance beyond the free position. 

For calculations of the nipping reactions and stresses 
our experience has shown that it is best to consider 
a spring as being built up by the addition of succcesssive 
plates, commencing with the shortest. Thus, consider 
first the reaction or pressure resulting from the clamp- 
ing up into contact of the shortest plate with the adja- 
cent or second short plate, then the reaction resulting 
from the clamping of the third short plate to the two- 
plate, clamped, partial spring first obtained; a similar 
reasoning to be continued for all the plates until the 
spring is completed. 

We now enter into the final stage of the present 
exposition, which is that of the life or endurance of the 
plates composing a’spring under the stress variations 
experienced in actual service. In the past, the commer- 
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cial value of a spring or its strength was usually meas- 
ured by the static load it would support without taking 
a permanent set, or, as was the practice of the French 
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Fic. 17.—CALCULATED STRESSES IN THE FRONT 
SPRING OF A CLASS B UNITED STATES STANDARD 
TRUCK 


spring makers, by the elastic elongation of the material. 
[It was believed formerly, due to the teachings of Mons. 
Lemoine, and is still perhaps held to be the case by 
some engineers, that the greater the elastic elongation 
or the higher the elastic limit of the material the greater 
the strength, and also, as a result, the endurance or 
life of a spring. This condition does not necessarily 
hold; at least it is certain that there is no linear relation 
between the elastic limit of the material and the life 
of a spring. 

It is a well-known fact in applied mechanics that any 
piece of material will withstand a considerable number 
of applications of a load, within the elastic limit. pro- 
vided the load does not produce stresses varying in sign 
from positive to negative—tension to compression—and 
that when the load produces stresses varying in sign 
the’ material subjected to such alternating stresses 
breaks down more rapidly. For instance, if we have 
a piece of bar metal, and wish to break it by hand with- 
out exerting any great force, we bend it back and forth 
so as to produce alternately positive and negative stresses. 
This procedure rapidly breaks a bar of even a ductile 
metal like lead, which will bend double on itself. The 
stresses in the plates of a plate spring due to the nip 
are not of the same sign in all the plates, and the amount 
of the stress, and in some cases its sign, will change when 
the external load is applied. In a spring composed of 
more than two plates we may find plates or parts of 





Fic. 18.—DIAGRAM INDICATING THE RELATIVE L1A- 
BILITY OF DIFFERENT PLATES OF PLATE SPRINGS 
TO BREAKAGE 


plates with zero load under certain conditions of loading; 
that is, the positive effect of the external load may ex- 
actly neutralize the negative effects of the nips. This is 
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of importance. In the spring shown in Fig. 5 then the 
two plates are bolted together at the center, the master 
leaf is deflected upward, or negatively; the short plate, 
on the other hand, is deflected downward or positively, 
in the same direction as it is deflected by the external 
load, hence there is a negative stress produced in the 
master leaf and a positive stress in the short leaf in the 
manufacture, all before any external load is placed on 
the completed spring. If we deflect this spring posi- 
tively, as by placing an external load on it, both leaves 
move in the positive direction, and when the master leaf 
has been deflected a distance equal to the initial negative 
deflection due to the nipping load, it will have, at certain 
places, zero stress, while at the corresponding deflec- 
tion the stress in the short plate is positive, and is equal 
to the sum of the nipping stress and the load stress. 
The total stresses and the stress variations are quite dif- 
ferent for the two plates; the range of stress in each is 
determined by the external load, and is the same as if 
the nip had not been introduced, but the total or maxi- 
mum stress and more particularly the life depend both 
upon the nip and the external load. 


PROBABLE LIFE OF LEAVES 


The life of any leaf in a spring evidently depends both 
on the maximum stress to which it is submitted and on 
the range, or the stress variation. From the theory as 
developed above we can calculate both of these factors 
with accuracy, and in a similar manner we ought to be 
able to predict the lift of each and every plate. It is 
the custom at present to consider the life of the spring 
as a whole to be that of the shortest life of any of the 
plates of which it is composed. The ideal spring would 
be the one in which all the plates except the master 
plate have the same life, the master plate for practical 
considerations having a life slightly in excess of the 
others. 

We have tried many of the familiar formulas and have 
earefully compared the results given by them with the 
results obtained on the endurance testing machines. As 
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the result of our study we have found that for present 
purposes and with the present state of our knowledge the 
parabolic relation of Gerber, based on a study of 
Wohler’s tests on materials subjected to varying stresses, 
gives an answer more nearly in accordance with the 
observed facts than any of the other formulas. Gerber’s 
formula, however, does not succeed in giving the rela- 
tive life of the various plates, while it does appear to 
be able to show with reasonable accuracy which of the 
plates will break first. The curve of relative liability to 
breakage for the various plates composing a spring ‘as 
given by the use of Gerber’s relation, is quite similar to 
that obtained by plotting the results of destruction tests 
on more than 500 springs. The actual numerical rela- 
tions are, however, still considerably in error. 

The results of the calculation for the Liberty B front 
spring are shown by Fig. 17, from which the relative 
liability to breakage is more readily appreciated than 
it is from looking at a table of figures. It is seen that 
the short plate is by far the most apt to be fractured, 
and also that there is considerable likelihood that the 
master and long plates will break. This is quite in 
accordance with the results of observations of other 
springs, both on the endurance testing machines and in 
service, 

Fig. 18 shows the relative liability to breakage for 
the various plates of plate springs, as determined by a 
careful study of more than 500 fractures. It will be 
noticed at once that the general form of the calculated 
liabilities as shown by Fig. 17 is similar to the observed 
liabilities, as shown by Fig. 18, but that the middle 
plates do not, in practice, break with such frequency as 
would be indicated by the calculations. This is the jus- 
tification for our previous statement that the theory 
appears to give a fair idea as to which plate will break 
first and some idea of the relative liability, but does 
not give this relative liability to fracture with any great 
degree of accuracy. In the present state of knowledge 
regarding the effects of alternating stresses on materials 
this appears to be as far as it is possible to ge. 


MEETING 


Roller Chain Division L. M. Wainwright, Chairman; 
Warren J. Belcher, John R. Cautley, Wm. F. Cole, 
D. P. Davies, Herbert J. Funke, W. S. Harley, Edward 
A. Johnston, H. Schipper Pierce and Arthur J. Scaife 

The Council approved 125 applications for membership in 
the Society, including 124 applications for individual mem- 
bership and 1 for affiliate membership. Student enrollments 
to the number of 10 were also approved. 

The Council approved amendments to the By-Laws of the 
Society as indicated elsewhere in this issue of THE JOURNAL. 

The work of preparation of the aeronautic handbook, which 
is now being carried on at the office of the Society, 
ported on and approved. 

B. B. Bachman and C. B. Whittelsey were nominated to 
serve as representatives of the Society in the deliberations 
under the auspices of the Bureau of Standards relating to 
formulation of standards of industrial safety codes. 

Major Arthur B. Browne and George W. Coggeshall were 
nominated to represent the Society at the conference on busi- 
ness training for engineers to be held at Washington, June 
23 and 24. 

The next meeting of the Council will be held at Ottawa 
Beach, Mich., on the afternoon of June 23, following the 
meeting of the Standardg Committee to be held on that day. 
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The Marines at Chateau Thierry 


=; M. . (Member) 


By Carr. Mark Smirn, U. 
HE Russian situation, when they first declared 
their peace, back in 1917, was quite critical. They 
had probably 60,000 men fighting on the French 
front, and that fall their troops were withdrawn. Our 
outfit reached France in October and the Russians were 
withdrawn about that time. A supposed peace! Russia is 
a queer country. They are not the only people in the war 
that declared peace with the enemy and then fought among 
themselves, but that was their idea of getting out of the 
war. They moved these Russians down to a.place south 
of Bordeaux, near the coast, and just about the time 
we had learned to talk a little French and to order certain 
things to drink our company was sent as the provost 
guard around the camp of what were considered bad 
actors and soldiers. There were about 7500 Russians, 
not armed, and with none of the rights of soldiers. No- 
body was allowed to speak to them, and the French troops, 
also doing provost duty there, did not talk with them. 

We had about 750 in one company, with a major and 
some extra men, and I was in command. That was our 
first introduction, and we stayed there as guards until 
we had cleaned them out, putting some of them on road 
work, laborers, and sending some to the African 
provinces of France. Later on, about Jan. 17, we moved 
into the advance zone, and I have been there since that 
date. The rest are in the Second Division of the Army 
of Occupation at the present time. 

We have had a great many experiences, and I suppose 
you would like to hear something about the war. I am 
going to surprise you by telling you that the men who 
have been least talked about, the men who did not have 
the thrills of those on the front, meeting the enemy hand 
to hand—these men, the cooks and mess sergeants, did 
more throughout the organizations to keep the companies 
in fighting trim and in shape than any other small unit 
of the Army. They had no chance to win decorations; 
they had nothing but the dirty work to take care of all 
the time, and they did it. The service they rendered is 
seldom mentioned to the people at home, and yet a hearty 
tribute should be paid to them. 


as 


IN THE SPHERE OF ACTION 


On March 14 we moved near Verdun. We were outside 
of the city, in the front line, for 62 days. It was a 
little hot at times, but at others rather peaceful. We had 
a rolling kitchen within 200 yd. of our front line, con- 
cealed, of course, and certain foods could be prepared 
hot for the men. That was a life saver. 

The German was very efficient, however. He had his 
observation planes, his observation balloons; in fact, we 
could count as high as sixteen or eighteen up at a time 
at different points along the line. They would watch for 
smoke, and five times in one week we had our kitchen 
shot out. Every precaution was taken to cook at unex- 
pected hours, but invariably they located those cook 
houses by the smoke. 

After being at the front for 62 days straight we 
were sent back to a small French village near Paris 
for a slight rest. On May 30 we had a Memorial Day 
ceremony there. We were about 60 miles from the front, 
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and had been there probably 2 days of the rest period 
when we received orders that at ten o’clock that night we 
would take trucks. The companies were given their 
proper traveling rations, always carrying an emergency 
ration for 2 days. We carried four packages of hard 
bread and two of canned meat to each man, and a condi- 
ment can containing coffee on one side, sugar on the other 
side, and a little cup of salt and pepper mixed. We really 
had enough to last, although not very choice food. 

Our trucks could not get there on time and there was 
no other transportation to be had. We were unable to 
break down the packs, and so we stayed on the roadside 
that night. The next morning the men had hot coffee, 
and the trucks came along about 8.30. We rode all that 
day, circling Paris to the west and north, and then slightly 
to the east and south, arriving the following morning. 

These French trucks are very much like patrol wagons, 
having just board seats, accommodating ten men on each 
side, and there were no pneumatic tires, so after riding 
all day and all night you may know we were glad to reach 
our destination, which was a ruined and deserted village, 
Montreuil aux Vixen. Let me go back a second to give 
you ‘an aspect of the war that you have probably not 
thought of. En route, as we passed along the outskirts 
of Paris, we met the refugees, the saddest sight I had 
seen. Death has nothing’ to compare with it. Refugees 
are absolutely the saddest sight to be seen. They had 
their small belongings, things that they could lug or put 
on an old cart. Some had oxen, and a very simple con- 
veyance drawn by them; some had donkeys, some wheel- 
barrows. They had just what they could pick up and 
earry along. They were old men, old women and children, 
with nobody to help them. 


On To CHAtTeau THIERRY 

We did not know to what front we were going be- 
cause the individual company officer does not find all 
those things out very much in advance. Finally in this 
town we were told we would have a’few hours’ rest. We 
went right into the houses. Things were thrown about 
as the people had left them. There was clothing and other 
things in the cupboards. The men went to sleep at once, 
and about one o’clock word came around that we were 
to stand by, which means “Be ready to move.” At two 
o’clock we started out on the road again with our full 
equipment. We were not in touch with wagon trains, 
and marched toward the town of Chateau Thierry. It 
was a broad highway, I should say 70 ft. wide, a solid 
macadam road that might have been there hundreds of 
years. We had passed two or three detachments of 
French troops going to the rear, and of course they had 
called to our men and cheered us, and we had cheered 
back, but there is no singing or cheering or anything 
like that when you go to the front, because a man is 
either shot or put under arrest if he makes any noise. 
You never know how close you are to the front. 

The papers have said when we went into battle up there 
the men yelled “Hail! Hail! The gang’s all here!” but 
they did nothing of the kind. It is pretty writing for 
3 
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the newspaper but in reality we went up rather quietly 
and were a rather solemn-looking bunch. 

French officers met us, and said that the Germans had 
been advancing for-several days, and had now reached a 
line running northwest and southeast slightly beyond the 
town of Brias and including the railroad. That was all 
we knew. That was all the word we got. We walked on 
probably 6 km. more and turned off the road. We were 
then getting under shell fire and went into a woods. There 
were no troops there. There was no artillery firing, and 
we were divided into three battalion groups. That, gen- 
tlemen, was the first oi June. We slept on the ground, 
and the next morning companies were placed so that 
they could support the troops that were in the front line, 
being the very front line. French cavalry was riding 
around, and the scene was rather picturesque except for 
the shells coming over occasionally and striking pretty 
close to us. The cavalry moved from one place to an- 
other quickly, acting not as cavalry but more as patrols, 
taking messages, etc. French cavalry was not in action 
there. 

The enemy artillery fire was very severe the night of 
the second and all day the third, and on the fourth some 
of our companies were moved into the front line, our 
battalion being among them. We had a little scrapping 
back and forth, but no heavy attacks, and on the morning 
of the sixth we were taken out and another company put 
in our place. Up to that time the company that I was 
in had had the heaviest casualties of the battalion. 

At 2.30 in the afternoon of the sixth we received a 
brigade order from the commanding general of the Ma- 
rines to form for an attack, to start at zero hour, five 
o’clock, which gave us 2'» hr. to go about a mile, get 
the order properly understood, and make our arrange- 
ments. It was a very quick order, given because a big 
German attack was expected to come over that night 
at dusk, then about 9.30, and lasting 1 hr., the foggy 
period. We were going to beat them to it. 

The third battalion of the Sixth Regiment and the 
third battalion of the Fifth Marine Regiment were the 
attacking front-line troops; the support was the Ninth 
and Twenty-third Infantry. Of course, each brigade had 
a machine-gun battalion. The attack started promptly 
at five o’clock, the Eighty-second Company at the left of 
the line and our company, the Eighty-fourth, at the right. 
We reached our objective about 7 p. m., with rather heavy 
losses, having cleared part of the Belleau Wood, and 
facing the town of Brias. 

After taking our first objective we lay in little pits 
that we dug in an open field. This was a wheat field. 
The crop was not fully grown, but was enough to shelter 
a man lying down, and then he could dig a little pit to 
conceal himself as much as possible. The enemy was 
about 1500 yd. ahead. 

We received word that the left of the line had been 
held up by a great many machine gun nests in the woods. 
Belleau Wood is not very large, but it is full of mossy 
rocks, some of them 8 and 10 ft. high; big boulders, you 
know, and trees and regular dens in there. Several of 
these rocks grouped together made a man absolutely 
safe. 

The Eighty-second Company lost all officers and most 
of its men. They were on the left. We had only 
a neck of the woods on the right, and we thought we 
were lucky, but we were not. We were out in the open 
field from there on. The Eighty-third Company was 
then sent up to make the front line with the rest of the 
Eighty-second, and the Ninety-seventh Company was 
still following us as our direct support. We received word 





that a smail detachment of the Ninety-second Battalion, 
under Lieut. J. F. Robinson, had calculated that the town 
would by that time be captured by us, and about thirty 
of them had gone down a dry creek bed off on the right, 
coming into the edge of the town at almost a right angle. 
There they were, trying to hold one end of a town full of 
Germans. 

You see, there are two or more phases to all these 
attacks, the first being to go to a proper military position. 
After certain reorganizations the second part is under- 
taken. We had reached the first objective; the attack 
was then to pivot slightly to the right and come down on 
this town of Brias and the railroad lying back of it. 

We had advanced about a mile through German terri- 
tory at this time, which was not bad considering that the 
Prussian Guards were opposite us and thought they 
could lick the world. The Germans had the town, and 
our small detachment was in there. We received word 
to push on, cross the open field, take the town, and relieve 
the situation, and this we did. We got to the town and 
found the creek ran along the side of it. We had almost 
a straight line parallel to us, but had no street openings. 
There was just one road going in, the buildings all being 
the French style of stone and cement or stone and plaster 
We were up against a good straight wall. 

Of course, they fired directly at us as we approached, 
and heavy losses ensued, but we got into the town and 
cleared that end, pushed through, and went to the far side, 
and from the northern corner of the town we threw out 
a line diagonally so as to cover the front that way and 
also the other way. The Ninety-seventh Company fol- 
lowed us and cleaned the left portion of the town, and 
troops from some of the other battalions then came in. 
By 12 o’clock that nigkt I think we probably had 1500 
or 1600 men there. 


Ho.LpING THE Town or BriAs 


There was a counter attack later that night, but we did 
not give up the ground. We lay in this field all the next 
day, in pits about 4 ft. long by 2 ft. wide and 3 ft. deep, 
just out of sight, doubled up a little in this sort of short 
grave. The dirt from the holes was camouflaged; men 
had grass thrown over them as they lay there, because 
the Germans had air supremacy. As to the bombing in 
the rear, I am not sure. The Americans may have done 
some bombing from the back lines, but we have lain on 
the firing line a good many times and had the Germans 
shoot us in the back with machine guns in airplanes, and 
there was nobody to chase them away. 


These were early 
days. 


In October and November we did have some Ameri- 
can aviators over there and fighting, but not enough of 
them. 

We lay covered up in shell holes all the next day. No 
man moved, because to move would bring down artillery 
fire, and artillery fire would mean the loss of the posi- 
tion. Not until the next night did we have water that 
we could drink. Then we got more ammunition, were 
able to get out, stretch our legs, and take care of ourselves 
as we should. That was the second night in the town 
for these two companies from the Third Battalion. The 
other two companies were still busy back in the woods, 
and for 3 days we were detached from our 
commander and served in the front of the town. 

They sort of forgot us for the time, but it was not so 
bad. We had only three or four men wounded in the 3 
days. I think that was because the plans for the men’s 
protection were so well carried out. We had fourteen 
counter attacks the second night. They came up, wave 
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after Wave, and we had no machine guns in the com- 
panies, but back of the position we were in we had three 
Hotchkiss machine guns, and they did terrible work on 
the enemy. The nearest they got to the front of our 
line in all these attacks was about 120 ft. 

You have probably never thought how unpleasant it is 
to have the dead lying about the place in which you 
must stay. We had to get parties out and bury many of 
the enemy. 


Those of you who have had relatives at the front must 
know that the shock troops, the front-line troops, were 
followed by carrying groups which took the wounded out 
a3 soon as they could, and burial groups which saw that 
the men lost in action were buried and the exact spot of 
the graves properly marked with identification disks. An 
identification disk was left on each body, also, so that 
there might be no mistake made if bodies were moved 
later. Everything was done that possibly could be done. 


WAR SERVICE LESSONS IN MOTOR TRUCK DESIGN 


Y reason of the sudden demand for rapid road trans- 

port in France in the early days of the war, vehicles 
of all types were taken as they were from ordinary duties 
and hurried to the theater of war, In these circumstances 
it is not surprising that a rigorous process of elimination 
began soan after they arrived in France, with the result 
that comparatively few British makes were found to pass 
the most critical selection committee ever organized since 
the motor-car industry came into being, a committee com- 
posed of men who were responsible for supplying food and 


ammunition to our troops and to whom a column of in- 
efficient vehicles might mean disaster. In spite of the 
special arrangements by which the selected makes were 


manufactured with hitherto unheard-of rapidity, the output 
was not sufficient to meet the military demands, and Amer- 
ican motor trucks were therefore purchased in large num- 
bers. These worked under the same conditions, and thus 
unique opportunities were presented for making observa- 
tions upon the comparative efficiency of two distinct schools 
of motor engineering. 


TRANSPORT CONDITIONS IN ACTIVE SERVICE 


Before attempting to discuss any possible effects of the 
war upon the development of motor trucks, it is necessary 
to review the conditions under which they had to operate. 
A certain section of designers, manufacturers and operators 
hold the opinion that as war conditions differ so completely 
from those likely to prevail in industrial transportation, 
no real comparisons can be based upon oversea experiences. 
These views are, however, almost entirely misleading, and 
while the abnormal nature of the working conditions may 
be admitted, faults happening in the course of 9 months’ 
hard work at the front are practically certain to develop 
after, say, 2 or 3 yr. running under ordinary industrial 
routine. In brief, vehicles employed in war work have been 
subjected to a series of destruction tests, and from these 
many valuable data may be gained which cannot but benefit 
heavy vehicle design. 

The experience of any mechanical transport column used 
for supplying ammunition at the front would afford a typical 
example of the strenuous career of these vehicles. Work- 
ing for the most part in the dead of night, they had to 
traverse long distances over roads of the worst description, 
with surfaces often consisting of a series of shellholes con- 
nected by narrow strips of stone forming the original pave. 
All lights being forbidden in forward areas, the drivers 
had great difficulty in avoiding the deep ditches bordering 
the roads. The damaging effect of ditching a 3-ton truck 
loaded with ammunition can well be imagined, and although 
the difficulty seldom occurs in peace-time ‘transport on 
British roads, the lesson to be learned is a valuable one, 
for it is always the trucks with the worst designs of 
steering-gear that are most easily ditched. Moreover, in 
cases where the maneuvering of a vehicle fatigues the driver 
unduly, accidents are of frequent occurrence, a point made 
perfectly clear by war transport conditions. 


For many reasons it is not always possible to run military 
vehicles at speeds conducive to mechanical longevity, though 
the duties of repair units in the field would have been light- 
ened considerably if more rigid regulations could have been 
enforced in this respect. Drivers, quite naturally, perhaps, 
are always eager to return to their quarters after a heavy 
spell of duty, and as a result the vehicles were forced along 
at the fastest possible speed. This is one of the troubles 
experienced at home and should be prevented by efficient 
mechanical devices to govern the speed of the vehicle in a 
way that precludes any interference on the part of the 
driver. 

UNSKILLED DRIVERS 

Manufacturers and designers often feel hurt if their 
vehicles become damaged through being handled by inex- 
perienced drivers, their general attitude being that having 
produced a vehicle according to their ideas, it rests with 
the user to find men with a sufficient degree of mechanical 
aptitude to drive their vehicles successfully. 
is founded on a wrong basis. The designer should aim at 
producing a vehicle sufficiently strong and simple to be 
operated by the type of man who originally drove horses, 
for, with the anticipated development of road transport, 
small users are not likely to have mechanically trained men 
at their disposal for drivers. Here, again, the lesson of the 
war has been of great value, for a very large proportion 
of the men acting as drivers at the front had no experience 
whatever in handling motor vehicles before their enlistment 
or conscription. Consequently, many mechanical break- 
downs were attributed to their ignorance and lack of skill, 
but at the same time these identical failures indicate the 
parts of the chassis where modification is desirable to render 
the vehicles immune from breakdown when in 
unskilled drivers. 

A further important consideration brought into promi- 
nence during the 4 yr. of war work is the question of run- 
ning repairs. The position of many small mechanical trans- 
port units in the field, as far as repair work is concerned, 
was analogous to that of the industrial user owning a small 
fleet of vehicles. The questions of repair and maintenance 
have not received a sufficient amount of attention during 
the preparation of the designs. The result is to render re- 
pairs extremely difficult to carry out in a reasonable time and 
to make the cost of replacing worn component parts ex- 
cessive. Accessibility of the mechanical components of a 
chassis from the point of view of repairs is a feature which 
leaves ample room: for development. 

In justice to manufacturers who had to exert all their 
energies to keep pace with war demands, it must be pointed 
out that certain defects are attributable to the impossi- 
bility of obtaining materials from the usual sources of supply 
and to the temporary necessity of employing untried com- 
ponents in place of those which had previously given satis- 
faction. On the other hand, modifications in the design of 
various parts may be well worth consideration in the light 
of the experience gained under active service conditions. 
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Apart from actual frame breakages due to the employment 
of members of unsuitable dimensions, the principal trouble 
with frames has been caused by rivet failures, especially 
where pressed steel members are used. The constant dis- 
tortion and deflection of the frame as a whole while the 
chassis is passing over uneven road surfaces fall very largely 
upon the rivets used for connecting the various frame 
members, and in course of time the structure loses its rigidity 
with damaging effects upon the mechanical components of 
the chassis. Over 80 per cent of frame breakages have 
been traced to small cracks starting from loose rivets, 
especially in cases where the positions of the rivets have 
been decided upon more by rule of thumb than in accord- 
ance with mechanical principles. Numerous examples could 
be cited where frames have been weakened to an alarming 
extent by rivet holes drilled in the flanges of the side mem- 
bers in positions which render fracture imminent. The trouble 
resulting from rivet failure can be obviated by substituting 
properly fitted bolts, so that the permanent rigidity of the 
frame can be secured simply by tightening up the bolts 
when necessary. 

Another very common cause of frame failure consists of 
the restricted proportions of the cross-member ends which 
in a large number of instances have not been worked out 
with sufficient care. For heavy vehicle work there is no 
reason why the frames should not be quite straight in 
both horizontal and vertical planes, thus avoiding the weak- 
ening effect of inswept and upswept side members and inci- 
dentally reducing the cost of manufacture to a considerable 
extent. The design of frame selected must depend upon 
the use to which the vehicle is to be put, but for heavy freight 
transportation it seems probable that the rolled steel frame 


will become more popular than hitherto; while for lighter 


roads and public passenger work the advantages lie with 
frames built with pressed steel members and armored wood 
respectively. 


Axes, WHEELS AND SUSPENSION 


Several types of front axles have been adopted by various 
manufacturers, and as far as practical results are concerned 
those of the build-up variety may be dismissed as unsuitable 
for heavy and continuous loads, notwithstanding their low 
cost of manufacture. One particular type of front axle has 
failed with great consistency on every make of vehicle to 
which it has been fitted, and other patterns of the same 
variety are little better. The solid forged axle alone can 
be relied upon to give really satisfactory results on heavy 
vehicle work, and of the two patterns of solid axle those 
in which the swivel axle-pins are secured firmly in the axle 
bosses are to be preferred to those of the jaw ended variety. 
With the latter the swivel axle-pins possess a distinct tend- 
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ency to work loose in the axle jaws, a defect which entails 
complicated repairs. 

The artillery wheels used almost universally by American 
truck manufacturers have given excellent results under war 
service conditions, and their merits might well be con- 
sidered by British makers. With them failures are prac- 
tically unknown, whereas breakages of various patterns of 
cast and plate wheels have been somewhat frequent occur- 
rences. To facilitate tire renewals both front and rear 
wheels should be of the same diameter and as far as bearings 
are concerned the conical roller race is far ahead of either 
floating bushes or ball bearings. : 

There seems to be no reason for anticipating any radical 
changes in the springing or suspension of heavy vehicles, 
the semi-elliptic laminated type of road springs proving the 
most convenient, but it is probable that improvements will 
take place in the direction of adopting longer springs with 
an increased number of leaves. 


STEERING-GEAR 


The average design of steering-gear leaves room for 
improvement. In the first place, the steering-gear case which 
contains the actual operating parts is situated in a very 
inaccessible position. Not only are adjustments to the gears 
very awkward from the latter reason, but the position of 
the column is a great hindrance when the engine has to be 
lifted out of the frame for repairs. There is no practical 
reason why the steering-column should not be mounted out- 
side the frame, thus enabling both the latter disadvantages 
to be overcome. 

The problem of front wheel “wobble” is seldom treated 
seriously, and in certain makes of truck the steering-wheel 
is liable to be wrenched out of the driver’s hand when 
traveling on bad roads. This defect is due to an incorrect 
ratio between the length of the front springs and that of 
the steering actuating rod. The fault is a very common 
one and results in excessive wear on the steering-gear as 
a whole, besides tending to render the vehicle hard to 
manipulate. Probably the best form of steering lay-out is 
that in which the steering actuating rod is arranged trans- 
versely so that in rising and falling with the axle on bad 
roads the snatching on the rod is avoided, and the wheels, in 
consequence, remain steady. Incredible as it may seem, 
steering-gears are occasionally encountered in which the 
rods are so badly arranged as to foul certain parts of the 
chassis when the springs reach the limit of their deflection, 
and in numerous instances the clearance allowed is so small 
that the rods foul as soon as the spring anchorages begin 
to wear or the camber of the springs decreases under con- 
tinuous overloading. — Times 


Engineering 
(London). 


Supplement 


FRONT-WHEEL BRAKES 


E have overcome the utterly childish prejudices against 

front-wheel brakes such as obtained before the war, 
despite the use of them by Peugeot in racing, and so on. 
Thus Delage is among the firms using the Perrot diagonal 
type of front-wheel brakes. It scarcely takes a bold prophet 
to foretell that if the post-war “super-sporting”’ type cars are 
to be safe on the roads in the hands of average drivers, they 
must be provided with more satisfactory braking systems 
than it is possible to employ on two wheels. In racing we 
saw sufficient of the four-wheeled brake system to realize 
that it was an enormous advantage when employed on satis- 
factory lines, as in accordance with the Perrot scheme that is 
being used, incidentally, by Delage. Even on ordinary town 
ears and doctors’ vehicles, there is a wide scope for the appli- 
cation of braking to all four wheels. For one thing, presum- 


ing no more braking is needed than formerly, still tire strain 
would be enormously relieved and therefore tire wear re- 
duced by distributing the effort over four instead of two 
tires. For another, in a measure as we succeed in lightening 
the vehicle -we must adopt fresh means of insuring that there 
will nevertheless be sufficient grip on the road surface to 
pull them up in a brief space. That becomes the more es- 
sential when it is borne in mind that the lighter we make 
our cars the “livelier” they are likely to be. There will be 
opportunities to refer to this development in future, even as 
in years past one insisted that it must come soon or later, 
despite the fact that the majority of automobile engineers 
advanced all manner of ingenious arguments to the con- 
trary.—H. Massac Buist in Illustrated Sporting and Dro 
matic News (London). 
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Present Position of the Diesel Engine as 
Applied to Marine Service 


By Tuomas Orcuarp Liste! (Non-Member) 


METROPOLITAN SECTION PAPER 
+ 


to extensive adoption of the merchant-type of 

marine Diesel heavy-oil engine. The cry was 
ships, ships, and more ships, for the thousands of tons of 
merchandise and munitions waiting for months on the 
docks of the world’s ports. The entire absence of cus- 
tomary trade competition and the prevailing high freight 
rates made it unnecessary to effect economies in opera- 
tion; and, as the ships of all nations have been more or 
less under the control of the various governments, only 
the more progressive shipowners who had eyes on the 
future, evinced interest in motorship construction. In 
Great Britain the demand for naval vessels, of course, 
retarded merchant Diesel engine development, but some 
oil-engined monitors with 15-in. guns were placed in 
service, also some large and small merchant motorships. 


| “jy OUR years of war have been a great impediment 


THE AMERICAN WoopeEN Sure 


Again, many shipbuilders of neutral countries made 
slow work of delivering such motorships as were on order 
with them because of the great difficulty in securing 
materials. Nevertheless, a considerable number of ocean- 
going motorships were laid down or launched in Europe. 
In our own country a new type of merchant ship was 
developed during the war period, namely, the large wood- 
en motor auxiliary. Unfortunately, this type of vessel 
was unsuccessful in many instances, due principally to 
the following reasons: 


(1) Most of the hulls were constructed of green tim- 
ber by inexperienced builders, and the hogging and 
warping of the hulls assisted in causing unreliability 
in their machinery 

(2) They had insufficient canvas to make profitable 
speed under sail alone 

(3) Their auxiliary power was insufficient to drive 


“1Editor, Motorship, New York City. 





A DIESEL-ENGINED TRANSATLANTIC OIL-CARRYING VESSEL 


Illustrated with PHOTOGRAPHS 


them at a profitable speed without the sails and a 
favorable breeze and sometimes even with all these 

(4) These craft, built as auxiliaries, were operated 
as full-powered ships, which resulted in a continual 
forcing of the engines to their limit of power, and tended 
to unreliability 

(5) Inexperienced engineers were placed in charge 
instead of men sent to the engine-builders’ works for 


several months while the vessels and engines were under 
construction 


It should be borne in mind that many of these ves- 
sels have a load displacement of over 5000 tons, yet in 





A MODERN “ROUND-THE-WORLD” Fast PASSENGER AND CARGO Moror- 
SHIP, CAPABLE OF TRAVELING 335 NAUTICAL MILES PER DAY WITH A 
FUEL CONSUMPTION OF 12 TONS 


no case was over 700 hp. installed. Less than 150 hp. 
per 1000 ton is not of much use as a propelling means. 
Oil engines of this power should have been used only 
when entering harbors, or-as an aid to the sails during 
calms or adverse winds, but they have been used as a 
main propulsion medium for 20 to 30 days at a stretch, 
as on voyages from the Pacific coast to Australia. 

This ill treatment of a promising type of cargo car- 
rier has been most unfortunate, since instances of such 
vessels properly built, properly fitted with good oil en- 
gines and properly operated, conclusively demonstrate 
that the motor auxiliary can more than hold its: own 
against the coal-burning or oil-fired, full-powered steel 
steamships, particularly on services favored with trade 
winds. 

However, I would recommend steel-built hulls for this 
class of freighter. If the auxiliary power is to be used 


rather constantly at sea, I would advise the following 
powers: 


Loaded 


Average 

Displace- Fuel Consumption Loaded Speed 

ment, Power, for 24-hr. Running, Without Sails, 

tons b.hp. bl. knots 

2,000 500 14 to 16 7% 

3,000 700 21 to 23 8 

4,000 900 24 to 28 8% 

5,000 1,100 32 to 36 8% 














ANOTHER EXAMPLE OF CARGO-HANDLING EQUIPMENT 
MOTORSHIP 


ON A FREIGHT’ 

During the war a number of full-powered wood and 
steel motorships of 1000 to 4000 tons were built in this 
country and fitted with Diesel engines of domestic de- 
sign or construction. Generally speaking, these ships 
have given most excellent service, although some are by 
no means ideal in design. Their total power per vessel 
is up to 1000 b.hp. 

As regards large full-powered steel motorships, 
America lost a splendid opportunity during the war to 
construct a great fleet of such vessels, as at the present 
time and in the near future these would be of incalcu- 
lable value to the nation. This was not done because 
from the official point of view the war needs were too 
urgent to justify experimenting with Diesel-engine 
‘power. Another experiment was adopted instead, namely, 
the geared turbine. This has not been the success an- 
ticipated, and judging by the actual results obtained 
from it in service, the building of motorships would have 
been much better, both for meeting the emergency condi- 
tions arising from the war, and for use in after-war 
trade. 

Yet, Italy during the war decided to build Diesel 
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driven motorships for her emergency merchant fleet, and 
one yard alone, the Ansaldo-San Giorgio, Ltd. of Spezia, 
arranged to launch every yeag not less than eighteen 
standardized steel motorships of 8000 to 10,000 tons 
dead-weight capacity. 

No country was in greater need of cargo ships than 
Great Britain, yet at the most critical period of the sub- 
marine warfare she laid down and launched the highest- 
powered and fastest merchant motorship ever built. This 
was the Glenapp, a transport-freighter of 470-ft. length 
and 55-ft. 8-in. beam, with a speed of 14 to 15 knots. Her 
Diesel éngines each have eight cylinders, 760-mm. 
(29.921-in.) bore, by 1100-mm. (43.307-in.) stroke, and 
together develop 6600 to 7000 i.-hp. at 110 to 125 r.p.m. 
on the four-stroke cycle. If Great Britain could experi- 
ment during the war why could America not do so? An 
answer is not easily forthcoming. 

Another large four-cycle Diesel-driven British motor- 
ship placed in service during the war was the Santa 
Margherita, a vessel of 11,000 tons dead-weight capacity 
and of about 14,000 tons load displacement and of 2500 








\ Typical. EXAMPLE OF THE Most ECONOMICAL, CLASS 
SHIP Ir Is PossisBLe To Construct T 
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b.hp. at 130 r.p.m. from two engines, each having eight 
cylinders, 20.7-in. bore by 33-in. stroke. 

The most important feature of these particular en- 
gines is that they are of the solid-injection type, and 
thus dispense with compressed-air injection of fuel. Their 
builders were Vickers, Ltd. of Barrow, who have had con- 
siderable experience with solid injection in connection 
with high-powered six, eight and twelve cylinder sub- 
marine engines. 


A New Souip-INsecTION Diese. ENGINE 


In connection with solid-injection Diesel engines, the 
British firm of Doxford & Sons is now engaged in the 
most radical and important marine oil engine develop- 
ment ever attempted, and one which should be watched 
with great interest by all engineers. It is building some 
standardized 1115-knot single-screw motorships, each 
fitted with a four-cylinder, two-cycle type Diesel engine of 
3000 i.hp. at 77 r.p.m. The five outstanding features of 
this engine are: 


(1) Solid injection of fuel 

(2) Opposed-piston type of engine 

(3) Larger output per cylinder than any other 
Diesel engines under construction for marine work 

(4) Lower revolution-speed than any other design of 
Diesel engine 

(5) Low fuel consumption for a two-cycle type en- 
gine, this being guaranteed at 0.42 lb. per shaft hp.-hr. 
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This engine, which strictly speaking is not a true 
Diesel, has a cylinder output of 750 i.hp., or approxi- 
mately 500 b.hp. It will burn oils of 0.96 specific gravity 
and containing 30 to 35 per cent of asphaltic matter. 
Cammell-Laird & Co. of Birkenhead, England, are also 
developing a new opposed-piston type of Diesel engine 
which offers great possibilities. Sulzer Freres of Win- 
terthur, have placed in service two six-cylinder, two-cycle 
type Diesel engines of 4000 to 4500 b.hp. each. These 
are stationary engines, one in France and the other at 
Harland & Wolff’s drydock. There is no reason why 
such engines cannot now be built for marine work. In 
fact, it is my opinion that a successful six or eight cyl- 
inder Diesel engine of 5000 b.hp. (6500 i.hp.) could be 
built today. An order for a triple-screw liner of about 
20,000 i.hp. or a twin-screw freighter of 13,000 i.hp. 
could be placed with confidence today by the Shipping 
Board or a shipowner with sufficient courage and fore- 
sight. The freighter would be a 16-knot ship of 20,009 
tons capacity. With drawings and assistance from 
abroad the engines could be built in the United States. 
As this vessel would have a fuel consumption of only 43 
tons of oil-fuel per 24 hr. at full speed and would not 
need more than twenty men in her engine room, it would 
revolutionize long-distance cargo carrying. The advan- 
tages are so tremendous that the United States Shipping 
Board could well afford to order at least one vessel now. 
In fact, it is rather surprising that it has not been 
ordered, as none of the motorships now contemplated by 
the Shipping Board will show any advance over foreign 
motorships already in service, so if the fleet of 9800-ton 
vessels is built, we shall still be behind European en- 
gineers in development and progress. Surely we might 
make at least one attempt to go a stage in advance of our 
friends across the sea. 


Tue Surppinc BoarpD AND THE MororsuHip 


Toward the end of the war the Shipping Board Emer- 
gency Fleet Corporation gave some attention to the mo- 
torship, and in the summer of 1918 decided to build 
thirty-six “‘submarine-evading” cargo ships of special de- 
sign, each of 5500 tons capacity, and for these vessels 
ordered fifty-two McIntosh & Seymour Diesel engines and 
twenty Skandia-Werkspoor Diesel engines, all of 750 to 
850 b.hp. The hulls are now being redesigned, and 50 
per cent of the order for the engines has been cancelled. 
In my opinion it was a very grave mistake on the part 
of the Emergency Fleet Corporation officials to make this 
large cancellation instead of changing part of the order 
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A TYPICAL FOREIGN TYPE OF DigsEt Or. ENGINE 


to Diesel engines of at least double power, suitable for 
fast freighters of about 8000 to 10,000 tons dead-weight 
capacity. There is no logical excuse for this cancellation 
because, while it is true that many steam engine orders 
also have been cancelled, other steam sets are still being 
completed and installed in cargo vessels. 

Under the revised shipbuilding program the Shipping 
Board proposes to build some 9800 tons capacity twin- 
screw motorships. They will have a speed of.13 knots 
and 4000 shaft hp. Orders for two twin-screw: Diesel 
sets, each of 4300 i.hp., have already been placed by Mr. 
Hurley with Burmeister & Wain of Copenhagen, Den- 
mark. There are rumors to the effect that many, if not 
all, the engines for these ships will be of one design and 
may be constructed abroad but erected in the United 
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States. Certainly no order has as yet been placed for en- 
gines for these particular ships with the two domestic 
firms that have had part of their order for Diesel en- 
gines cancelled. One may with reason inquire why their 
orders have been cancelled when engines are being pur- 
chased abroad. In America we can build an engine 
equally as good as any foreign concern, for we now have 
the very latest European designs and technical informa- 
tion, 

It is to be hoped that the Shipping Board will avoid 
making the mistake of “placing all its eggs in one bas- 
ket,” and orders for these engines should be distributed 
throughout the shipbuilding and marine-engineering in- 
dustry of the United States. At the present time there 
are excellent domestic facilities available for building suc- 
cessful designs of marine Diesel engines which were 
closed during the war, and I understand that several of 
America’s oldest and largest steel shipbuilders are now 
ready to accept such orders. 

It is for the best interest of the nation that this be 
done without further delay if the Government is to follow 
up its widely. Afinounced intention to have the greatest 
mercantile marine in existence. If we should abandon 
thisproposdd “plan, America will become the laughing 
stock of the world. A successful steam-propelled fleet is 
conceded ‘to be out of the question, therefore the Ship- 
ping Board should build large and economical oil-engimed 


motorships and sell them at reduced cost to private ship-,’ 


owners. 





A DrEeSEL-ENGINED GREAT LAKES FREIGHT STEAMEF 


Outside of Great Britain the largest motorships are 
now being built in Sweden, Norway, Holland, Denmark 
and Japan. “Some of those under construction or on order 
in Denmark are of 17,000 tons displacement, 12,470 tons 
capacity, 6000 i.hp. and 124 knots speed. The engines are 
of the four-cycle Diesel type and each will have six cylin- 
ders of 740-mm. bore by 1150-mm. stroke, and will de- 
velop 3000 i.hp. at 115 r.p.m. Two engines will be in- 
stalled per ship. Some of these vessels may be made 
smaller and thus have their speed increased to 15 
knots. 

At least a dozen of these companies have done ver: 
little in the way of actual commercial construction, but! 
peace conditions now clear the way for them. Others 
have done a little work and then suspended or aban- 
doned further development. Several have just made a 
start, but at least fifty have accomplished considerable 
naval or mercantile marine Diesel-engine construction 
There are also several Japanese companies whose names 
are omitted. Among other American shipbuilding com- 
panies likely to undertake the construction of Diesel en- 
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gines and motorships in the near future are the Ames 
Shipbuilding & Dry Dock Co. and the Skinner & Eddy 
Corporation of Seattle, Wash., and the American Ship- 
building Co. of Cleveland, Ohio. 

The two-cycle Sulzer and the four-cycle Werkspoor 
engines are being built by more firms than any other 
designs, namely, eleven and ten companies respectively. 
This is due to the large number of constructional licenses 
which both companies have sold. 

In addition to these Diesel engine builders there are 
nearly 150 engineering concerns constructing surface- 
ignition, or the so-called “semi-Diesel” type marine 
heavy-oil engines, practically all of which operate on the 
two-cycle principle. 


PERFORMANCE OF EARLY MOoOTORSHIPS 


In conclusion I wish to call your attention to the opera- 
tion of the first two ocean-going Diesel-driven full-pow- 
ered steel motorships. Although both were experimental 


- ships, their performance has been better than that of 


many modern steamships. The tanker, Vulcanus, placed 
in service in 1910, had up to a recent date logged 252,000 
nautical miles at an average speed of 7 knots per hr. 
As she is only of 1215 tons dead-weight capacity, of 500 
b.hp., and designed for a maximum speed of but 8 knots 
per hr., this is a splendid showing for a pioneer motor- 
ship. The other veteran motorship is the Selandia, 
placed in service early in 1912. She is of 7500 tons ca- 
pacity and 2750 i.hp., with a designed speed of 101% to 
11 knots per hr. To date she-has logged 327,737 nautical 
miles, at an average speed of 10.47 knots. During 
this time she has consumed 11,667 tons-.of fuel-oil and 
59 tons of lubricating oil. Her total sea-time was 
31,600 hr. 
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Marine Diese, ENGINE BUILDERS 


Excluding the central powers, there are eighty-six com- 
panies in the world building Diesel engines. Forty-two 
‘are building the four-cycle type; thirty-three, the two- 
cycle type, and eight, both types, with three firms un- 
certain. 
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NAME 


CITY DESIGN CYCLES 
N orway 
Akers Mek-Vaerksted Christiania Burmeister & Wain 4 
Norsk Maskinindustri Aktieselskab 
Thunes Mek-Vaerksted Christiania Sulzer 2 
4B Bofors, Gullspang Karlskroga Werkspoor 4 
; Sweden 
Nya A/B Atlas Diese] Motorers Stockholm Polar 2 and 4 
Gotaverken Gothenburg Burmeister & Wain 4 
4 /B Nobels Motorer Stockholm Hesselman 2 and 4 
Belgium 
Cockerill & Co. Seraing Burmeister & Wain 4 
Carel Freres Ghent Carels 2 
Italy 
Gio Ansaldo & Co. Genoa Sulzer 2 
Ansaldo San Giorgio Turin and Spezia Fiat-San Giorgio 2 
Savoia Shipbuilding Co Cornigliano Ligure Sulzer 2 
Franco-Tosi, Ltd Legnano Tosi 4 
Ing. P. Kind & Co. Turin Kind 2 
Officine Insubri Motori & 
Constructioni Meccaniche Milan Tosi or Langham 
& Wolff 
France 
Schneider & Cie Paris and Creusot Schneider 2 and 4 
Chantiers et Ateliers de Nazaire 
(Penhoet) Parisand St. Nazaire Werkspoor 4 
Societe des Moteurs Chalassiere St. Etienne Sabathe 2 and 4 
Thompson Houston Co. Paris Tosi 4 
Forges et Chantiers de la 
Mediterreanee La Havre Sulzer 2 
Chantiers et Augustin Normand Havre Normand 4 
Societe et Ateliers de la Loire Nantes Loire 4 
Campagnie de Construction 
Mecanique Procedes Sulzer Paris Sulzer 2 
2Weyher & Richemond Paris Werkspoor 4 
?Dujardin et Cie Lille Werkspoor 4 
Stabilimenti Delauney Belleville St. Denis on Seine Delauney-Belleville 4 
Holland 
Werkspoor Engineering Works Amsterdam Werkspoor 4 
Werf Gusto, Firma A.F.Smulders Scheidam Gusto 4 
Denmark 
Burmeister & Wain Copenhagen Burmeister & Wain 4 
Danish Diesel Motor Works Holeby Holeby 4 
Hera Motorfabrik Copenhagen Hera 2 
United States 
Bethlehem Steel Co. South Bethlehem, Pa. West 2 
Ingersoll-Rand Co. New York, N. Y. Price-Rathbun 4 
Rathbun-Jones Engineering Co. Toledo, Ohio Price-Rathbun 4 
Sterling Engine Co. Buffalo, N. Y. Sterling-Junkers 2 
Worthington Pump & Machinery 
Corporation Buffalo, N. Y. Snow 4 
Atlas Imperial Gas Engine Co. Oakland, Cal. Atlas 4 
Midwest Engine Co. Indianapolis, Ind. Werkspoor and 
Midwest 4 
Skandia-Pacific Oil Engine Co. Oakland, Cal. Werkspoor 4 
Dow Pump & Diesel Engine Co Alameda, Cal. Willans-Robinson 4 


Wm. Cramp & Sons Ship & 
Engine Building Co 


Philadelphia, Pa 


Burmeister & Wain 


NAME CITY DESIGN CYCLES 
United States (Continued) 

McIntosh & Seymour Corporation Auburg, N. Y. Polar 4 
Fulton Mfg. Co. Erie, Ra. Fulton 2 
Winton Engine Works Cleveland, Ohio Winton 4 
Wisconsin Motor Mfg. Co. Milwaukee, Wis. Wisconsin-Junker 2 
Nordberg Mfg. Co. Milwaukee, Wis. Carels 2 
Busch-Sulzer Co. St. Louis, Mo. Sulzer 2 and 4 
New York Shipbuilding Co. Camden, N. J. Werkspoor 4 
Newport News Shipbuilding & 

Dry Dock Co. Newport News, Va. Werkspoor 4 
New London Ship & Engine Co. Groton, Conn. Nelseco $ 
Southwark Foundry & Machine Co. Philadelphia, Pa. Southwark-Harris 2 
James Craig Engine Works Jersey City, N. J. Craig 4 
Gas Engine & Power Co. MorrisHeights,N.Y. Speedway 2 
Manitowoc Shipbuilding Co. Manitowoc, Wis. Tosi 4 

Switeerland 
Sulzer Freres Winterthur Sulzer 2 
Japan 
Japanese Navy Department Tokyo Sulzer 2 
Kawasaki Dockyard Kiobe Ansaldo-Fiat 2 
Russia 
Kolomna Mashinenfabrik Golutwin Sulzer and Kolomna ail 
2 an 
Nobel Maschinenfabrik Petrograd Nobel 2and4 
Soromow Engineering Works Soromow Sulzer re 
Spain 
Sociedad nola de 
Constructione Metalicas Madrid and Balboa Sulzer 2 
Great Britain 
Cammell-Laird & Co. Birkenhead Fullagar 
*North British Diesel Engine Co. Glasgow 4 
Clyde Shipbuilding & Engineering 

Co. Govan, Glasgow Carels 2 
Harland & Wolff Diesel ‘ 

Department Glasgow Burmeister & Wain 4 
Wm. Doxford & Sons (Northumber- 

lang Shipbuilding Co., Ltd.) Sunderland Junkers 2 

Solid-injection 
Wallsend Slipway Wallsend-on-Tyne 
North Eastern Marine 

Engineering Co. Wallsend-on-Tyne Werkspoor 4 
John I. Thornycroft & Co. ndon Carels 2 
William Denny Bros. & Co., Ltd. Dumbarton Sulzer 2 
J. Samuel White & Co. East Cowes White M.A.N. 2 
Vickers Limited Barrow-in-Furness Vickers 4 
Mirrlees, Bickerton & Day Stockton-on-Tees Mirrlees 4 
Willans, Robinson & Co. Rugby Willans 4 
Yarrows Limited F _ Bcotstown M.A.N. 2 
Fairfield Shipbuilding & Engineering 

Co. ort Glasgow M.A.N. 2 
Scotts Shipbuilding & Engineering 

Co. Greenock Fiat 2 
Alex. Stephen & Sons Linthouse Glasgow 
Sir W.G. Armstrong Whitworth 

& Co. Newcastle-on-Tyne a_i. ‘ 

2 an 
Richardsons Westgarth Middlesbrough Carels 2 
William Beardmore & Co., Ltd. Dalmuir Beardmore and Tosi 4 
Swan, Hunter & Wigham Rich- 

ardsons, Ltd. Newcastle-on-Tyne Neptune and Polar 2 
Palmers Shipbuilding & Engineer- 

ing Co. Jarrow-on-Tyne : 

Barclay, Curle & Co. ow Burmeister & Wain 4 
Norris, Nenty & Gardners, Ltd. Paticroft Gardner 4 
Union Ship Engineering Co.,Ltd. Montrose 4 
Ruston & Hornsby Lincoln Nelseco* 4 


~ Stationary engines only. 


Originally formed to build Krupp engines. 
Several other British engineering companies also built the Nelseco (American ' 


marine Diesel engine during the war. 


ORDNANCE TECHNICAL STAFF ORGANIZED 


HE Chief of Ordnance has organized a technical staff 
to originate, design, develop, test and adopt new ord- 
nance, ordnance materials and other implements of war. 
The staff includes an ordnance committee and artillery. 
ammunition and explosives, aircraft armament and small 
arms, ordnance theory and instruments and metallurgy and 
administration sections. The chief of the staff will act as 
the representative of the chief of ordnance in conferences 
with the line and general staff of the Army regarding types 
of ordnance desired to be developed, keep in touch with the 
progress of ordnance development both in and out of the 
department, and in addition to attending trials of ordnance 
material both in this country and abroad, keep in touch with 
the various engineering and scientific societies of the country 
in the development of ordnance engineering. 
The ordnance committee, which includes officers of other 
services detailed as members of the committee, the chiefs 
of the various sections of the technical staff and such other 


officers as may be designated for the consideration of a par- 
ticular subject, is one of the most important parts of the 
staff. This committee reviews and recommends action on all 
proposed experimental and research work relating to ord- 
nance, makes recommendatious of new types for development 
and design, prescribes tests for acceptance, attends trials of 
ordnance and makes recommendations as to acceptance after 
tests. In this way representatives of the several arms of 
the service are enabled to participate in the origination, 
design, development, determination of types and trials of 
ordnance they are to use. Considerable benefit is expected 
to be derived from the cooperation with the scientific societies 
of the country. The American Society of Mechanical En- 
gineers is already actively cooperating, and before long the 
S. A. E., the American Institute of Electrical Engineers, 
the American Chemical Society and other organizations will 
be brought into association with the technical staff.—Army 
and Navy Register. 








Vol. IV 


June, 1919 No. 6 





Hot Surface Oil Engines for 
Industrial Purposes 


By A. H. GotptncHam! (Non-Member) 


METROPOLITAN SECTION PAPER 


HE oil engines referred to in the following re- 
marks are of the horizontal or vertical design 
arranged for a direct connection or by belting to 
electrical or pumping and other machinery. They are 
slow or medium in speed, operate on the four-cycle or 
two-cycle plan and are generally known as the hot surface 
type, although sometimes and erroneously they are 
termed semi-Diesel engines. This designation is derived 
from the “hot surface” constructed according to various 
designs including an electrical coil from which the heat 
that causes the ignition of the mixture of fuel and air in 
the combustion space is first obtained. This title is 
given in contradistinction to that of the “Diesel” type in 
which ignition is caused by the heat of compression alone, 
and where combustion is at constant pressure, while in 
the former type combustion occurs at constant volume. 
About 25 yr. ago one of the leading British oil engine 
manufacturers offered a prize to any employe who could 
operate an oil engine continuously for 10 hr. at full load. 
Today many “hot surface” oil engines operate at full 
load for 6 months without stopping. A few years ago 
the lighter fuels only could be used; today these engines 
are guaranteed to operate successfully and continuously 
on any fuel or crude oil produced in the United States 
or Mexico, which includes crude oils of 11 deg. Baumé 
or heavier, while the guarantee of 1 lb. of fuel per b.hp.- 
hr. or a thermal efficiency of 14 per cent in 1900 is today 
replaced by a guarantee of 0.45 lb. per b. hp.-hr. and 
even 0.39 and 0.40 lb. are reached successfully. These 
facts show ‘most emphatically the progress which has 
been made in the modern “hot surface” type oil engine 
during the last- 10 to 20 yr. In a brief survey of this 
part of the subject let us look at three important features 
which call for the time and thought of the manufacturers, 
are of supreme importance to purchasers and are of sig- 
1ificance to all who are interested in the subject. 
(1) Reliability 
(2) First Cost 
(3) Economy 
I have named these features in this order because I 
think and will try to show that their relative importance 
to each other is in that sequence. 


RELIABILITY 


I have placed the feature of reliability of operation first 
and regard it of prime importance because no matter how 
high the economy or how low in the first cost, if an oil 
engine is not as absolutely reliable in operation as say 
a high-grade steam plant, it is useless and proves to be a 
poor investment. Years ago the oil engine had an un- 
enviable reputation. The modern oil engine of leading 
manufacturers is quiet in operation, is frequently main- 
tuined for several months continuously at full load with- 


—_— 


De La Vergne Machine Co., New York City 





Illustrated with Diac RAMS 





out stoppage and the exhaust is almost odorless ana nearly 
invisible. This great improvement is largely due to more 
thorough atomization of the spray entering the combus 
tion space, improved construction of the vaporizing cham- 
ber, force-feed lubrication of all moving parts, automatic 
air-starting inlet valves and improvements in the method 
of supplying heat to the vaporizer. 

The modern sprayer is designed either to inject the 
fuel by high-pressure air as in most Diesel engines, or it 
is injected through a carefully designed and minutely 
constructed mechanical sprayer of the ‘“‘solid-injection”’ 
type and proportioned so that a dry spray results enter 
ing at such speed and volume that all particles or globules 
of hydrocarbon are thoroughly diffused and reach the 
distant points of the combustion area and have the maxi- 
mum amount of their surface exposed to and are inti 
mately combined with the oxygen of the air in the vapor- 
izer or combustion space. In addition to the improve 
ments in the sprayer the correct construction of the fuel 
supply pump, its operating cam or eccentric and governor 
have assisted in obtaining this effect. 

The method of solid injection now used by many 
English builders and patented by E. J. McKeckine utilizes 
2n accumulator consisting of an oval steel tube into which 
the fuel is first delivered at a pressure of 4000 to 5000 lb. 
When the spray valve is mechanically opened the atomized 
spray is instantaneously injected at its maximum speed 
resulting from this great pressure. The slower speed 
at the beginning and end of the pump stroke ordinarily 
found where a cam motion is employed, is thus eliminated. 
This method has been applied to both Diesel and hot sur- 
face engines with great success. 

The improved construction of vaporizing chamber en- 
sures proper and reliable operation at lighter loads, while 
the employment of force-feed lubrication to all moving 
parts allows both a correctly measured and continuous 
supply of lubricating oil. 

The use of automatic air-starting inlet valves makes 
certain the admission of compressed air to the cylinder 
at the correct period of the cycle and proper closing of 
the air supply. 

[Improvements in the vaporizer heating lamp by tha 
use of higher pressures result in obtaining greater tem- 
perature and quicker starting. In the lampless types the 
modern use of an electric coil for furnishing the heat 
necessary at starting enables this type to be started as 
quickly as the Diesel engine, or where the lamp is used 
for heating purposes, starting can be effected in 3 to 
5 min. 

First Cost 


The hot surface type is now built in sizes from about 
10 to 400 hp. for land purposes. The gasoline engine is 
preferred below this limit, and above 400 hp. either the 
Diesel type has advantages, or the steam turbine can suc- 
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cessfully compete where conditions of fuel, water and 
attention available are normal. The largest size cylinder 
without piston cooling is 21 in. in diameter with a 341- 
in. stroke operating at 908-ft. piston speed, the engine 
weighing 425 lb. per b.hp. The first cost in 1913 was $55 
per b.hp. Today it is about $120 for the four-cycle slow- 
speed, horizontal design. With the two-cycle medium- 
speed type having a piston speed of 740 ft. and a cylinder 
diameter of 14 in. and a stroke of 181% in. the price in 
1913 was $55 and today is $90 per hp. 

The first cost of an oil engine is a very important 
teature because in most cases the item of interest and de- 
preciation which is generally figured at 10 per cent and 
divided equally between interest and depreciation is the 
greatest charge in the balance sheet showing the cost of 
operation. For instance, the fuel cost of a 100-hp. oil 
engine consuming 0.45 lb. per b.hp.-hr. is $1,000, based 
upon a run of 3000 hr. per yr. and a cost of 6c: per gal., 
while the interest and depreciation charge on the basis 
outlined would be $1,200. With the oil engine lower in 
first cost but where the fuel economy might possibly not 
be so high and maximum reliability of operation was stil] 
retained, the more general use of the oil engine in this 
country would follow. 











the earlier engines is eliminated. The processes of fuel 
injection and ignition in the modern engine are practi- 
cally simultaneous. 

One of the latest and at present most interesting de- 
signs of hot surface oil engine is the De La Vergne S 1 
type designed with both the horizontal and vertical multi- 
cylinder construction. This engine starts instantane- 
ously when cold without a heating lamp, the initial heat 
being supplied from an electric coil. 

The following particulars of a test on a 100-hp. four- 
cycle single-cylinder engine of this type are given below 
and a set of indicator cards taken under various condi- 
tions is reproduced. 

The engine tested had single cylinder of 19-in. diameter 
and a 24-in. stroke and operated at 200 r.p.m. It used as 
fuel an oil having a specific gravity of 34 deg. Baumé and 
a flash-point of 144 deg. fahr. The heating value of the 
oil was 19,350 B.t.u. The amount of cooling water con- 
sumed was 3 gal. per b.hp.-hr. and the inlet and outlet 
temperatures were 65 and 130 deg. fahr., respectively. A 
compression pressure of 225 lb. and a maximum ignition 
pressure of 450 lb. were used and the starting air pres- 
sure was 100 lb. The fuel consumption ranged from 
0.41 Ib. per b.hp.-hr. to 0.72 lb. at one-quarter load. The 


ENGINE DATAS. 





500+ 500-4 Cylinder Diam 19" 
+ t Stroke 24" 
300+ 300-+ FULL LOAD Rpm 200 
t Fuel Consumption 
- + at 1% Load 45|b.per BHp-hr 
VO 100 —- » Full 4199 99 99» 
; i = 9 % ” 409 9 99 «9 
» ” 4699 99 99 WD 
» “4 72 99 99 99 99 
Scaleon Cards Q 290.490 Ib 
300-F z LOAD 
100+ _ 
: [ 
SERIES OF INDICATOR CARDS OBTAINED IN A TEST OF A NEw Form or Hot SurFAcE OIL ENGINE 


At present 42 per cent of oil engines for land instal- 
jation are used for pumping oil or water, 19 per cent for 
electric lighting and 39 per cent for general power pur- 
poses. 

ECONOMY 


The thermal efficiency of the modern hot surface type 
oil engine is 30 per cent, and comparing this with 14 per 
cent, as previously mentioned, shows a great advance. 
This improvement is due to the higher compression pres- 
sures now employed and to more efficient spraying or pul- 
verizing of the fuel. In the earlier oil engines the injec- 
tion of the fuel proceeded during the air inlet period or 
the first part of the compression stroke. The cylinder or 
combustion space was thus filled with an explosive mix- 
ture during the compression stroke or period, and accord 
ingly only that pressure of compression was allowable 
which would make the temperature of the mixture being 
compressed rise to ignition conditions. 

With the lapsing of the Diesel patents in about 1904 
the feature of that engine, namely, the injection of the 
fuel at or near the end of the compression stroke was 
adopted by most hot surface engine builders. This sys- 
tem allows a higher compression pressure as the air only 
is compressed and the danger of preignition present in 


exhaust was invisible and had a temperature of 650 
deg. fahr. 


THe Discussion 


MR. VOORHEES:—My first experience with the Diesel 
engine dates back about 12 yr., at which time I had an 
opportunity to see some drawings for this type of engine 
in Augsburg, Germany. We soon after started work on 
an experimental engine which we bought. We experi- 
mented with the running, and all that sort of thing, 
which was very easy. Then we started in to build our 
own engines, sending engineers and shopmen over to see 
how they did things on the other side. When our first 
two-cylinder, 100-hp. engine had been running for about 
\ hr. there was an awful noise, then a great explosion 
which made us feel that the whole Diesel was going up 
in the air; then the compressor stuck and a few more 
things happened. 

We knew that we had secured all the information we 
needed from the manufacturers abroad. The trouble 
was that we did not have the slightest idea how to run 
the engine in the shop, giving the proper clearances and 
bringing the oil in in the correct way, and the proper at- 
tendance was lacking because we had had no experience. 

Diesel engineers and the statisticians also are further 
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advanced today because foreigners, particularly the Danes 
and Swedes, have been coming regularly to this country 
with their big ships, and the Dutch, on a lesser scale with 
smaller ships. 

Formerly, when people went over to inspect these new 
engines very little attention was paid to the reciprocat- 
ing engine, particularly by the men interested in the 
manufacture of steam installations. Today there is a 
different tendency. At a meeting like this, we automobile 
engineers do get familiar with the troubles that are com- 
mon to these heavy-oil engines. This is the first step to- 
ward real success, which I feel cannot be very far away. 

I was fortunate encugh to be sent out by one of the 
few really successful American firms, those that have 
gone through several various serious hardships and come 
out on top. In 1914 I went to Switzerland with the sanc- 
tion of the Secretary of the Navy, since I was not a full- 
fledged citizen at that time, to study submarine engine 
designs. I got back with a bunch of drawings after this 
country was in the war. We copied the engine, but the 
ship was not in position to take it in that form, and we 
had to do everything over. We did right here in this 
country some work which resulted in an engine that does 
not crack pistons or heads, which shows that where there 
is the will to do certain things, those things can be done. 
In fact, going to Europe for talent and workmanship for. 
Diesel engines is absurd. It is not necessary; our ma- 
terial here is superior to theirs. We have had less trouble 
with pistons from the very beginning, when our people 
did not know how to make them or how they should ap- 
ply clearances, and particularly how to take care of lu- 
brication and such little things, than they had in the 
early development of the Diesel engine in the old country. 
Naturally, we cannot be too proud of that, because where 
the other fellow got off, we started, but we should ap- 
preciate at its full value the fact that our manufactur- 
ing facilities are better than those of Europe; that we 
have acquired all the information Europe has; that com- 
panies over here are today making things, particularly 
in the line of castings, that cannot be surpassed by any 
firm in Europe. I have seen these things, and I know 
this to be true. Certain castings which were tremen- 
dously difficult to make came out splendidly. That sort 
of work has been most successful. All that is needed to 
give us confidence in our ability to tackle this thing is the 
cooperation of engineers. Such an engine can be made. 
A big Diesel engine is no hard proposition for the well- 
established manufacturers of this country. I have been 
able, due to my position, to watch what they are doing, 
and, gentlemen, it is superior to what is done in Europe 
today. 

ELMER A. SPERRY:—I have a message from the last 
president of the S. A. E., Mr. Kettering. He is now lead- 
ing a group of engineers in Dayton who are doing some 
really advanced work to ascertain how much power can 
be obtained from a thermal unit. You know that thermal 
unit is a queer beast. In our best Diesel practice what 
does the analysis of the exhaust show? It shows from 5 
to 10 per cent of oxygen. 

I called up Dr. Lucke the other day and said to him: 
“Why on earth is that last % per cent of oxygen un- 
burnt? Why does that not burn as well as the first 
half?” He said: “There is no reason why it should not 
burn, if you rub up against the proper fuel conditions.” 

The group of engineers in Dayton and I, with a group 
of engineers here, have been trying to rub oxygen up 
against hydrocarbon with the idea of getting better re- 
sults. There are a number of us who believe with the 
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Dayton group that this little crevice in the top of the 
Diesel cylinder is too ridiculous to be considered on the 
order of clean lines. The walls are all chilled and there 1s 
hardly any cubical content. We should be able to im- 
prove that construction and make the clearance space 
more useful. If we can get clearance space enough to 
make the volumetric relation to the perimeter of the 
chilled walls very large, our oxygen will have a better 
show. It may be possible that we shall hit upon some- 
thing that can be carried on farther in the expansions. 

One other great difficulty with the Diesel engine is that 
a large part, seven or eight-tenths, of the Diesel car is 
in reality a low-pressure car trying to do its work in a 
high-pressure zone. If the engine could be surrounded 
by very high walls, no cooling and very large cubical 
content, that part of the car also, which is the most 
critical part of the entire thing, might be given more of 
a chance for higher efficiency. 

CARL GEORGE DE LAVAL:—I have noted with some ap- 
prehension the great effort made by various Scandinavian 
companies to establish factories in this country and by 
advertising and sales propaganda to lead the world in 
internal-combustion engine design. We should not sit 
idly by and allow this situation to be developed by 
Europeans, who import engines and are now establishing 
factories here, such as those on the Pacific coast, to ob- 
tain the trade that rightfully belongs to us. There is no 
mystery in building these engines. The achievement of 
the Europeans is not by the extraordinary merit of any 
particular type or design, and if we only stop to con- 
sider the situation, we will take hold of it ourselves. 
The demand for these engines is growing at a rapid rate, 
and as we are looking for work for our boys who are 
now coming home, here is a field that we can enter and 
thereby employ a great number of men. 

We have learned one lesson in these last years, and it 
is that petroleum will bring order out of the present 
situation by its new mechanical advantages. We have 
not paid enough attention to oil, as coal has been cheaper; 
we have not fully considered its advantage over coal in 
reducing final costs. For marine purposes, because of 
its advantage in the reduction of bunker space, increased 
mileage, elimination of fire risk, increased ship opera- 
tion and reduction in operating expenses, we shall be 
forced to enter this field in competition with the Euro- 
peans. From now on we are in a new era for both marine 
and industrial power, heating and the multiplication of 
benefits that will result. Under new conditions we shall 
work out our problems more successfully. 

For ordinary use the internal-combustion engine bids 
fair to be the most successful in its proper field, oper- 
ated by ordinary men, and such engines should be made 
reliable, easy to run and not too expensive. Finish for 
external surfaces is of secondary importance. Even 
Chinamen in Canton are now making copies of these 
simple surface-combustion engines, competing success- 
fully with foreign makes. They selected the hot-bulb 
engine as being the simplest for use on their fishing 
junks. When a Chinaman can see good reasons for 
adopting such petroleum engines, we certainly should be 
ready to introduce them more extensively in our harbor, 
river and canal work, in industrial establishments and 
many other places. To succeed they must be cheap in 
first cost and so simple to operate that a man with no 
mechanical knowledge can run them with a little instruc- 
tion. Engines must withstand abuse and must not be 
dependent on magnetos or batteries for ignition. 

Mention has been made of various failures in our 
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merchant marine with oil engines, because of unsuitable 
and untrained labor. This is a situation that must be 
met by the designer and builder. It differs from the 
European problem in that they always have men who 
are well trained along this particular line. It is different 
here. Our need and output are much greater, and we 
must build engines that can be run by anyone, regardless 
of training. 


In the development of this industry and its great im- 
portance to production’ in our country, it is absolutely 
necessary that the engines be made here and not 3000 
miles away, and, incidentally, we must endeavor to corral 
our own fair share of the profits. 


There are no fundamental patents in force on either 
Diesel or hot-bulb designs, and the foreign patents per- 
tdin to minor details only, which can be worked out in 
various ways. We can benefit by the purchase of Euro- 
pean drawings and follow some of their methods, but 
these will eventually be given up as unsuited to Ameri- 
can manufacture and use and replaced by designs adapted 
to our conditions and requirements. 


One of the industries in need of immediate improve- 
ment along modern lines is the great Atlantic and 
Pacific fishing fleets. Both fleets cover thousands of 
miles of -coast line of vast seas and gather immense har- 
vests of fish for food consumption. ‘These fleets consist of 
thousands upon thousand of boats, trawlers and schoon- 
ers, the greatest aggregation of small-engine vessels in 
the world, operated for the most part by gasoline, when 
they should be operated by heavy oils. 

We are now approaching another field of development, 
due to the expansion of our waterway or canal and river 
system. Recently the Government purchased a large 
fleet of barges for the New York State Barge Canal, also 
a large fleet for the Mississippi River. These latter pack- 
ets will ply the Mississippi and be equipped with a com- 
plete power handling outfit for their cargoes. Unfortu- 
nately the Government prohibits the use of hot-bulb sur- 
face ignition oil engines, because of the conveyances 
themselves and the large of amount of cotton handled by 
them, yet misfiring, or the exhaust from the muffler of a 
gasoline engine are undoubtedly more to be feared than 
any part of an oil engine. Hot-bulbs can be sufficiently 
water-jacketed and protected by hoods to eliminate the 
danger of fire, and the exhaust will be free from all 
menace. 


Such extensive transportation routes as rivers and 
canals offer should be operated by engines using low- 
grade fuels. As I have said, this is one of our basic in- 
dustries, which lends itself to the application of internal 
surface-combustion engines, because of the relatively 
low horsepower required. It is an industry which re- 
quires outfitting on a big scale and both manufacturers 
and dealers must be prepared to cater promptly to all 
needs and demands. It can only be handled by our own 
people. The members of the various engineering associ- 
ations should take energetic action to start the proper 
development. There is no parallel for it in the world. 
We are only beginning to appreciate the immensity of 
the market throughout the country, and when the facts 
are better known, home producers of hot-bulb engines 
will establish shops in all parts of the country to secure 
their share of the business. The growth and development 
will undoubtedly be rapid and it is absolutely necessary 
that many of us take hold and do our share. 


I have watched with interest the attempts to convert 
the gasoline engine to the use of kerosene. To my mind 


the contrivances described as additions to the engine will 
only complicate the problem. Without going into tech- 
nical details it may be well to state that working with 
conventional devices may prove partially successful for 
carbureting kerosene, but existing differences in boil- 
ing point, temperature, chemical constituents, heat, 
etc., inhibit any satisfactory solution. Commercial suc- 
cess does not lie that way. If we are to burn kerosene 
and cheaper grades of oils as fuel in engines for launches, 
tractors, motor boats and farm engines, a simpler design 
must be brought out, free from the valves, traps and 
contrivances now used on the ordinary gasoline engine. 
We must cut loose from the conventional and traditions, 
and strike out on new lines. This is the class of com- 
mercial work needed today on oil engines. 

NATHANIEL B. WALES:—What we as engineers most 
desire to produce is an engine which will operate effi+ 
ciently on the entire range of fuels, even including alco- 
hol, to meet the paramount fuel problem adequately. 


Let me suggest, then, a most rational and logical 
means. We all feel assured that the high-compression 
type Diesel engine will operate on non-volatile and base 
fuels; we also know with equal certainty that we can 
operate the present type of automotive engine at high 
speeds, combined with a minimum engine weight and 
lew initial cost. Let us, therefore, endeavor to combine 
the Diesel and Otto cycles within a single engine struc- 
ture, retaining the best points and characteristics of 
each, building, as it were, “an engine within an engine,” 
or more precisely, a minor Diesel engine, the sole function 
of which with its small 2-in. bore cylinders is to “pre- 
pare” the fuels in gaseous form for rapid combustion in 
the major cylinders. The two cylinders might be cast 
integral, looking like a conventional L-type engine, the 
Diesel piston performing the entire valve function for 
the major cylinder. This preparation of the fuel fer 
rapid ignition in the major cylinders would be brought 
about by introducing a wet cold mixture of air and fuel 
into the Diesel cylinders before compression, a mixture 
in which the air content is insufficient to support combus- 
tion of more than a fraction of the hydrocarbon mass so 
introduced, then compressing it to a point where the 
more volatile portions of the fuel preignite. This would 
take place just before the top dead center, or at a crank 
angle comparable with that at which the spark now oc- 
curs. This partial burning of the mixture weuld gener- 
ate intense heat which plus the heat of final c»mpression 
would throw the entire fuel mass above its critical igni- 
tion point, but from the lack of oxygen, due to the limited 
air volume, this fuel would be unable to complete its oxi- 
dation. 

When the piston reached its topmost position it would 
register by a slot with the clearance volume of the major 
cylinder, and the gas now above its critical ignition 
point would be released to the major cylinder wherein it 
would complete its combustion, burning in the presence 
of an excess of oxygen. 

In this manner the main cylinders would be relieved of 
high compression, and weights and costs would be 
brought down to compare with the standard automotive 
engine. By using an adjustable-cylinder-head in the small 
2-in. Diesel cylinder which can be instantly changed by a 
lever comparable to the spark-lever on the steering wheel, 
the compression ratio can be varied for the fuel used so 
as to determine the point-of preignition in the cylinder 
and attune it to any fuel. By the ability to change the 
compression ratio instantly, the wear and changing heat 
levels of the engine can be compensated for. * 
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Possibilities ef Steam and Gas Turbines 






for Vehicle Propulsion 


By Cuartes W. Dake! (Non-Member) 


HIS paper is presented from the viewpoint of an 

engineer who has made a life study of steam and 

other elastic fluids and their employment for the 
propulsion of engines for the conversion of their inher- 
ent powers into mechanical movement. It will be limited 
to a discussion of the advantages of steam and gas driven 
turbines over reciprocating steam and gas or gasoline 
engines, as I see them. 

At the Chicago Meeting of the Society of Automotive 
Engineers, a paper was presented by Prof. J. D. Nies 
on the “Possibilities of Steam Power.” In this paper 
both the reciprocating gas and the reciprocating steam 
engine were ably discussed and the advantages of steam 
as a motive medium brought forth; therefore I shall 
refrain from a general discussion of these two types of 
motive power, and endeavor to confine the article prin- 
cipally to the turbine and its possibilities. 


THe INTERNAL-COMBUSTION ENGINE 


The reciprocating gas, or more properly speaking, the 
internal-combustion engine derives its motion from a 
series ef quick explosions, which deliver a force against 
the pistons by hammer-like blows, producing severe 
shocks to the mechanical parts and requiring massive 
construction to produce an engine of reasonable life 
The power transmitted to the crankshaft of the engine 
is divided. A portion is delivered to the driving mechan- 
ism of the vehicle, and a portion is stored in a heavy 
flywheel to assist later in rotating the engine and in 
compressing the charge of gas in the cylinders for the 
following explosion. This type of engine requires also 
an igniting system to cause the gas to explode in the 
cylinder, and a cooling system to prevent excessive heat- 
ing, both of which depend upon the engine for. their 
driving power. In consequence of the compression, 
stored power in the flywheel, ignition and cooling sys 
tems, a low efficiency is obtained from the driving 
mechanism of the vehicle. Also, due to the impossibil 
ity of balancing perfectly the moving part and the 
hammer-like blows caused by the explosions, excessive 
vibration is set up not alone in the engine, but in the 
entire vehicle. 

The reciprocating steam engine has the advantage of 
power and speed flexibility, absence of the explosive 
shock, smooth and quiet operation, reversibility and 
perfect speed control. Both the internal combustion and 
steam engine are, however, difficult to lubricate, and 
require special oils and oil-feed mechanism, especially 
when operated under high pressures and temperatures, 
as with superheated steam and steam carrying a large 
percentage of moisture, which wash or flush out the 
lubricating oils from the cylinders and valve chests. 


ADVANTAGES OF STEAM TURBINE 


The steam turbine has many features that make it 
particularly fitted for the propulsion of motor vehicles. 
Chief engineer, Pyle 
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The turbine will operate perfectly under initial steam 
pressures and temperatures of superheat far higher 
than those under which it is possible to operate any 
other type of fluid engine, for the reason that there are 
no moving surfaces contacting stationary surfaces with 
in the turbine structure, thus taking advantage of the 
efficiency gained by the use of high pressures and high 
superheat. Because of the absence of friction within 
the turbine, it is not necessary that internal lubrication 
he provided, and by the elimination of this the exhaust 
steam remains free from oils and greases; consequently 
the water of the condensed exhaust steam from the tur- 
bine can be returned to the boiler without fear of 
injury. 

The turbine is free from excessive vibration because 
of the ease and accuracy with which its rotating parts 
can be balanced, and this is due to the fact that the 
rotating parts surround and are concentric with the 
axis of the shaft and therefore an even torque is deliv- 
ered to the rotor by the steadily flowing steam jet from 
the nozzle and not by several impulses per revolution, 
as is the case with the reciprocating engine. 

The steam delivered to the turbine for its operation 
is expanded within the delivery nozzle from the initial 
pressure to that of the exhaust or pressure surround- 
ing the rotor, and because of this degree of expansion, 
the steam molecules are divided into fine particles and 
readily condensed. The turbine has no packing rings 
or packing of any kind to prevent leakage of high-pres 
sure steam. The only packing required is that to pre 
vent leakage of exhaust steam between the shaft and 
the turbine casing, the pressure of which is but a few 
cunces at most. When a condenser is employed and 
the exhaust steam condensed, then a packing is neces- 
sary to prevent the entrance of air to the turbine. The 
packing employed can consist of a spring-held carbon 
ring contacting a hardened collar on the shaft or a 
labyrinth packing. Both these forms of packing have 
but a minimum amount of friction and are not subject 
to heat or wear. 

The turbine, being a high-speed machine, requires a 
system of reducing gearing. This can be provided read 
ily with but slight power loss. A pair of properly gen- 
erated herring-bone gears having a reduction ratio of 
10 to 1 has a power loss less than 1 per cent. While 
the steam turbine can readily be made reversible, due 
to its high speed and the time required to bring the 
rotor to rest and start it revolving in a reverse direc- 
tion, it is advisable to provide gearing for reversing. 

Unlike that of the reciprocating engine, the efficiency 
of the steam turbine remains constant throughout its 
life. This is because no packing is required to prevent 
leakage of high-pressure steam and the parts operat 
ing under the steam pressures and actions do not wear. 

The mounting of a turbine rotor in its bearings and 
the lubrication of the bearings are very much more 
simple than in the case of either the reciprocating steam 
or gasoline engine. Ball bearings lend themselves ad- 
mirably to high-speed turbine operation. Bearings of 
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the size required for a 40-hp. turbine of the type de- 
scribed below, can be operated successfully at speeds as 
high as 60,000 r.p.m., or at peripheral velocities of the 
turbine rotor of approximately 1832 ft. per sec., 109,- 
855 ft. per min., 20.8 miles per min. 

The steam turbine is commonly thought of as a con- 
stant-speed and constant-load machine which should be 
operated at high velocities and under constant pressure 
to obtain high efficiency. This is true of most of the 
present designs of turbine. With proper design and 
construction, however, the turbine will give a high effi- 
ciency at greatly varying speeds, loads and pressures. 
This is accomplished by designing the turbine so that 
the velocity of the steam jets or motive fluid which 
exceeds the velocity of the rotor shall be entirely ab- 
sorbed by the rotor’s steam passages, and the steam 
come to rest in relation to the movement of the rotor 
at the instant of its exit, regardless of the velocity of 
the rotor or the velocity of the steam jet. 

The torque delivered to the rotor by the force of the 
steam flow in the turbine referred to is concentric with 
the axis of rotation of its rotating parts; consequently 
the load to be supported by the bearings is the mass of 
the rotating parts of the turbine only, and the moment 
required to overcome the gyroscopic rest of those parts 
is exceptionally slight, due to their exceedingly small di- 
mensions and light weights. 

The rotor, exclusive of the shaft, for a 40-hp. tur- 
bine designed to operate under 1500-lb. gage pressure 
of steam or rather, the velocities derived from that 
pressure, would be 7 in. in diameter, 4 in. long, and 
weigh 7 lb. The complete turbine, exclusive of external 
fittings, would weigh less than *4 lb. per b.hp. 

The torque delivered to the rotor increases with 
the decrease in velocity of the rotor and decreases with 
the increase of the velocity. In other words, the veloc- 
ity of the steam jet is absorbed by the rotor regardless 
of whether it is revolving slowly or at top speed; there- 
fore, a vehicle propelled by a steam turbine can be 
started from rest and will traverse grades at reduced 
speeds as well if not better than one propelled by a re- 
ciprocating steam engine. 

There is at the present time considerable activity 
among inventors and engineers to produce a turbine 
that can be operated by the impulse of the.explosive 
combustion of such a mixture as is used in the recipro- 
cating internal-combustion engine. This activity seems 
to be confined to types and designs of turbines in use 
ai the present time; and no effort, it appears, is given 
to new lines of thought. This, in my opinion, is a mis- 
take, for it is impossible to produce a turbine employ- 
ing buckets which will withstand the impact at high 
temperatures such as are delivered by the gases of com- 
bustion. 


A New Gas TURBINE 


There is under process of deyelopment a turbine of 
promise designed to overcome many present obstacles 
and to provide higher efficiency than is given by the 
gas engine. The flexibility of this turbine is as great 
as that of the steam turbine to which I have referred. 
It will operate at any speed from 1 r.p.m. to the burst- 
ing speed of the rotor. The compression of the gas, 
which is very high. at times reaching 2000 lb. per sq. 
in., is accomplished without mechanical means, and 
while the turbine is at rest. The ignition is initiated 
by a spark from a battery of two dry cells and then con- 
tinued by a hot tube, which, if desired, can be kept hot 
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during stops and for long periods of time. Regardless 
of weather conditions the turbine can be started almost 
instantaneously, and in no case would the time be great- 
er than 30 sec. The turbine can be started from rest, 
doing away with all starting mechanisms. The start- 
ing torque is greater than that of the reciprocating 
steam engine of equal power, operating under permis- 
sible steam pressures. A 40-hp. turbine complete, in- 
ciuding ignition system, gas compression means, con- 
trols and shaft coupling, will develop 1 actual b.hp. for 
each 3 lb. of weight when operated at permissible speeds. 

The absence of driven mechanical auxiliaries makes 
for efficiency. The gas turbine requires no circulating 
pumps for either oil or water; no ventilating or cool- 
ing fan, no magneto, and no electric generator to pro- 
vide current for starting are necessary as for the gas 
engine. The absence of these auxiliaries and the fact 
that the kinetic energy or velocity of the gases is sub- 
stantially absorbed by the rotor, and also the fact that 
the torque or forces applied to drive the rotor act at all 
times concentrically with the rotor’s axis, guarantee an 
exceptionally high efficiency, higher than can be reached 
by the reciprocating gas engine, the steam turbine or by 
the steam engine with its steam boiler, pumps, circu- 
ating and condensing mechanisms. 


The gas turbine is as safe to operate as the gas en- 


gine, and is under the absolute control of the operator 
by a single throttle-lever. 


THe Discussion 


Mr. HALL:—It is seldom mentioned that the turbine 
has a very high starting point. It seems to me this 
makes it very promising from a motive power point of 
view, particularly when used on a motor car. 
lighter than steam. 
much larger in size? : 

Mr. DAKE:—No. The lighter the gas, the higher 
the ‘velocity we are able to get. The lightness of the 
gas is overcome by the velocity. 


F. D. HOWE:—When the rotor is stationary does the 
gas pass off? 


Gas is 
Would that not make the turbine 





Mr. DAKE:—That is impossible with a turbine em- 
ploying buckets. 

Mr. HowE:—How is the steam brought to rest? 

Mr. DAKE:—The steam or gas jet enters the rotor 
at 10,000 ft. per sec. That velocity diminishes as it 
passes through the passages, and expanding, it finally 
comes to rest with relation to the motion of the rotor 
and passes out of the rotor readily. 

Mr. HOWE:—How about putting a steam turbine in 
a car? Take a small 50-hp. turbine. The water rate 
of that will be about 50 lb. per hp. A steam car can- 
not afford to give space to a big pump, and there is 
not sufficient cooling to run without vacuum. Such a 
car would not be efficient unless run condensing. 

Mr. DAKE:—A steani turbine will give, non-condens- 
ing, the same, if not better, efficiency than the recip- 
rocating steam engine. The addition of 28 in. of vacuum 
will approximately double the power of the turbine, 
which cannot be done with a steam engine. 

Mr. HOWE:—Where will you get the 28 in. of vacuum? 

Mr. DAKE:—You do not have to use a big circulat- 
ing pump. The turbine will do the same work under 
the same conditions as the .steam engine. If you are 
using a steam temperature of 800 or 900 deg. with a 


reciprocating engine, you cannot lubricate. There is 
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where the efficiency will come in for the steam turbine. 
You can use any temperature of superheat in the tur- 
bine until the parts begin to get red. 

Mr. HOWE:—How about the gear reduction? 

Mr. DAKE:—There is no trouble at all in making 
a 40 to 1 or 50 to 1 reduction, and moreover it is not 
necessary to use gear reduction. Hydraulic or air re- 
duction can be used if desired. 

F. W. PARKER, JR.:—There is in addition the possi- 
bility of an electric reduction, and the turbine itself, 
as a source of power, would still be possible. 
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Mr. DAKE:—The gear reduction is a very simple 
matter. It is a form that is being employed every day, 


not alone for small powers but for some of our largest 
ships which are driven by a series of gearing. There is 
absolutely no reason why the turbine should not be 
adapted to the propulsion of vehicles. It could be used 
to greater advantage than any reciprocating engine can 
because it can be designed and a generator built to 
stand any degree of superheating or any pressure. The 
future of the automobile depends more upon steam pro- 
pulsion than it does upon the reciprocating engine. 


GEARS FOR TRACTOR CONSTRUCTION 


N a paper read at the convention of the American Gear 
| Manufacturers’ Association recently held at Cleveland, 
Ohio, E. J. Frost’ points out that the use of high-grade steel 
is desirable. Among the advantages that result from the em- 
ployment of this material are a transmission that is not only 
compact but one which can be enclosed readily. An abstract 
of the paper is given below. 

That the tractor has come to stay and is to be an important 
factor in the future development of the world from an in- 
dustrial and agricultural point of view, few will dispute. 
That its manufacture and sale will add tremendously to the 
wealth and prosperity of those countries capable of produc- 
ing and marketing it in any considerable numbers also needs 
no debate. That the tractor of today has in any large meas- 
ure reached its ultimate development and will satisfy the 
needs or ideals of the future is, however, open to question. 

The problems seem to have been approached mainly from 
two different angles, due to the previous training of what 
may be called separate schools of engineers. Naturally one 
of the first to enter this field of endeavor was the man having 
had training and experience in making agricultural imple- 
ments, with very little or none in engine, clutch, transmis- 
sion, differential and radiator design; and it is to be ex- 
pected that most of the thinking of this type of engineer will 
be strongly biased by previous experience with horse-drawn 
agricultural implements. The other type came from the pas- 
senger car and truck manufacturing interests, with all the 
experience and ability needed in connection with the power 
end of the problem, but lacking the lore of the implement man. 

Tue Brasep ImpLemMeN? MAN 

it is natural that the implement man should be biased 
toward the use of cast gears and unprotected internal gears 
and chain drives, and that to many such strength and ability 
to resist wear should be represented only by cast iron, 
malleable or possibly steel castings, in most instances large 
to the point of being cumbersome, and frequently impossible 
fo house properly to retain lubrication and keep out dirt. 

It is apparent to even the casual observer that both ex- 
tremes in design have already been reached. It is evidently 
unfair to ask a successful manufacturer of gears to put his 
trademark on and guarantee the durability of designs he 
knows to be poor because too light, or to expect him to equip 
his shop with machinery for cutting teeth of a size so large 
and overpowered as to make it only a question of a season 
or two before a decided alteration must take place. 

The subjects of upkeep, cost of repairs and accessibility 
of parts will have increasing attention from future buyers, 
and it behooves designers to give the thought and time needed 
to improvements along these lines. 

A careful analysis of the physical properties of the cheaper 
materials sometimes used, as compared with even medium- 
priced alloy steels, discloses the fact that with the latter 
smaller gears and shafts can be used. These will give equal 
resistance to wear and shock and permit assembling in much 
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smaller housings, thus greatly facilitating protection from 
dirt and making it much easier to apply proper lubrication. 
Frequently these substitutions can be made with little or no 
increased expense, due to the decreased size and weight of 


parts. 


Usr or ALLOY STEELS 
A carefully made 3% per cent nickel, low-carbon steel 
suitable for case hardening may safely be used for tooth 


pressures far in excess of common open-hearth steel, and the 
same is true of chrome-nickel and chrome-vanadium’$ the 
latter, however, because of the necessary. heat-treatment, 
may, in the hands of inexperienced machinists, cause consid- 
erable difficulty in maintaining uniformly good yesults, and 
slow down the making and cutting of the blanks so that the 
work will become unprofitable. 

Higher carbon chrome-nickel steel with 0.4 to 0.5 per cent 
carbon may also be used in many instances with good results, 
as such material can be heat-treated to give the required 
physical properties so far as tooth strength is concerned and 
when properly made by the mill will give good wearing serv- 
ice, although still sd soft that a new file will bite the teeth. 

The only trouble that developed in a steel of this analysis, 
according to the author, was destruction of the contact sur- 
faces of the teeth due to what is termed “pitting.” No ex- 
planation could be found for this except that something had 
gone wrong in its manufacture at the mill. The chemical 
analysis showed material up to specifications, and the micro- 
scope revealed nothing that could be assumed to point to 
trouble. However, the trouble existed and in efforts to elimi- 
nate the difficulty experiments were made with steel of the 
same analysis, but with the carbon content increased from 0.37 
to 0.45. This did not remedy the pitting and Mr. Frost went so 
far as to take from an automobile transmission a set of gears 
that had been driven 20,000 miles and showed no appreciable 
wear, substituting a set made from the chrome-nickel steel of 
0.45 per cent carbon, and with the scleroscopic hardness, 
checked by a Brinell machine, appreciably raised. These 
failed, however, showing considerable pitting in 500 miles. 

It is, therefore, evident that where steels are to be used 
in service approaching destructive limits, great care must 
be taken that they not only check up as to the chemical analy- 
sis and physical properties originally determined, but that 
experiments be made to insure that the individual batch of 
steel under consideration will stand up under the proposed 
load, speed and other conditions. 

Mr. Frost’s criticism of what he saw at the Kansas City 
Tractor Show.is along two lines: First, there was such a mul- 
tiplicity of levers, reach rods, valve tappets, links, chain drives 
and, in too many instances, gears unprotected from dust and 
grit, that if an owner spent most of his time in “wiping up” 
the tractor would never be clean; second, the bull-gears and 
main-drive pinions and frequently other gears were left un- 
protected. This was no doubt due to excessive size, which 
can be corrected only by using better materials in construc- 
tion. This will permit of adequate protection without making 
the housings too cumbersome. 
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Making the Airplane a Utility 


By Grover C. Lorntna' (Member) 
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plane have practically been written, and contain 

not only reports of the countless wonderful ex- 
ploits of heroism and super sangfroid of the airmen, 
but also more prosaic accounts of quantities of 
airplanes and engines delivered, of millions of hours of 
flying, and here and there of instances of cleverness and 
ingenuity in engineering that gave the airmen high- 
performance steeds of incalculable advantage. 

We turn over a new leaf now to the peace airplane, 
and are all seeking on blank pages the answer to what it 
will be, because the commercial peace-time airplane has 
not yet been under serious and continued development. 
It is a fact, generally apparent, that the most bril- 
liant minds in aviation, both here and in Europe, for 
over 10 yr. have been giving to their developments in 
airplane engineering a wholly military consideration, and 
whether consciously or not, have educated themselves 
and their industry so definitely along these lines that 
the dawn of a new era requiring special development of 
its own is practically at hand. 


Ae pages of glorious history of the military air- 


No RErTROGRESSION TO PRE-WAR STATUS 


Aeronautics will not revert to the status it had prior 
to the great war. No change in governments is apt to be 
more radical than the revolution in the attitude of the 
public and of business interests toward air travel that 
can be brought about by intelligent effort. 

A great knowledge has been acquired on the scientific 
and practical aspects of airplane design and construction 
an available mass of data forced into being by the 
pressure of war—and by virtue bf the necessity of 
cooperation and of general dissemination for war pur- 
poses, these technical data are more generally available, 
and better, more elaborately, recorded by Government de- 
partments than could possibly have been done by scattered 
individual efforts. In this the war has been an asset. 
Not only are there technical data; much has been learned 
and recorded on the cost of upkeep of airplanes, the hours 
of flying a machine may be expected to give and the per- 
centage of good flying weather in various localities. More 
than that, thousands of men have flown, have realized the 
limitations of flying, and have passed out of the stage of 
glamour and misguided “enthusiasm” to a more hard- 
headed and far more valuable understanding of aviation 
as it is—not as they would have dreamed it ought to be. 

It is a peculiar fact, as evidenced by false starts made 
year after year, that the aeronautical industry prior to 
the war suffered greatly from the setting up of impossible 
rainbows to be chased after; resulting merely: in re- 
peated demonstrations that the aircraft business was 
“flighty,” uncertain, and decidedly unstable. The war, 
with its censorship, has greatly limited this, but above 
all has reduced the size of the overcredulous public, at 
least by the 200,000 or 300,000 persons who directly or 
indirectly have cut, their eyeteeth on the airplane business. 

The commercial possibilities of flying, and means, defi- 
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nite and well-planned, to develop them, may be translated 
today into a sound, level-headed business, because we 
have very definite knowledge, worth untold millions of 
dollars, upon which to base a mature, well-founded judg- 
ment. To be successful commercially, the airplane must 
be made to offer very definite advantages that cannot be 
obtained by other means. Its peace-time raison d’etre 
has to be based on qualities and performances so strik- 
ing that any obvious disadvantages of high expense, 
danger and uncertainty will be overwhelmingly out- 
weighed. To ignore the disadvantages and the serious 
limitations that we know exist is merely an invitation 
to lose the confidence of the public, when, sooner or later, 
these features become evident. In other words, it is far 
better to complete a 100-mile flight with a 200-mile radius 
airplane than to have it fail in a 300-mile attempt. 

Let us, therefore, give consideration, brutally frank, 
if necessary, to the real value and possibilities of air- 
To begin with, is it really a pleasure to fly? 
There are many varying opinions, but there is general 
agreement on these points: The noise of the engine and 
propeller are decidedly disagreeable; the general nature 
of flying, even as a passenger, uses up nervous energy, 
making long trips tedious and uncomfortable, and there 
is a disappointing absence in flying of the sense of buoy- 
ant exhilaration which almost every one looks for on his 
first trip. Airplanes are very material, their vibrations 
are very evident, their grip on the air almost ferocious, 
and frequently oil, exhaust, and the cold rush of air add 
to a feeling of utter subordination to a mechanical power. 
No one likes the bundling up and goggling up ordinarily 
required for flying; neither is it agreeable not to be able 
to communicate freely with one’s passengers without 
the aid of telephones. On the other hand, we have the 
pleasure of the marvellous views to be had from 
aloft on a clear day, the feeling of mastery that the pilot 
has over the craft he can so easily direct in three dimen- 
sions, and not only the delightful technical interest that 
many take in flying, but the pleasure that a few very 
expert pilots find in stunting an airplane—not unlike 
cutting fancy figures in skating. 

Many of the disagreeable features of flying will be 
overcome by better protection from wind, noise and oil, 
and by closed-in bodies, and careful provisions along this 
line will find their way into all new types of airplanes. 
But the fact remains that while mere flying around a field 
is a pleasure to some, it is by no means proved that it is 
sufficiently so to become a universal sport. Some- 
thing more is needed, some feature of utility that will 
make the physical aspect of flying secondary. The New 
York subway is admittedly a disagreeable place. The 
air is bad, the crowded cars uncomfortable, the noise deaf- 
ening; and yet how many millions of people use the sub- 
way, many rather than their motor cars, because of its 
great utility, speed and time saving? 

Has not the tremendous development of the automobile 
been due rather to its utility than to the mere pleasure 
derived from riding about in it? When the automobile 
became a time saver and an exclusive conveyance, abso- 
lutely under the command of its owner, with no schedule 
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but his will, its utility and convenience far outweighed 
mere pleasure driving, as is evidenced, for example, by 
the increasing popularity of the closed cars, where the 
open-air pleasure element is entirely subordinated to the 
convenience of the vehicle for transportation alone. 


AIRPLANE AND AUTOMOBILE Not COMPETITORS 


The airplane cannot hope, for the present, to cope with 
the automobile for short haul, with the motor car’s abil- 
ity to make of every curbstone a landing field; but the 
automobile as a conveyance ceases to show its great 
advantages over distances greater than 50 or 60 miles. 
It is here that the airplane can come in and begin to offer 
a feature of real utility—a conveyance, exclusive and 
capable of a longer distance radius. But as soon as it 
does so it obviously competes with the railroad train and 
the boat. 

The automobile has already very seriously cut into the 
suburban trolley business, as is evidenced by numerous 
reports on the subject recently issued. How can aircraft 
as a means of transportation seriously cut into railroad 
traffic, despite its higher expense? It can obviously offer 
higher speed in miles per hour, but how much higher 
must this be to overcome ordinary winds, and to offer 
less actual time in travel, not in miles per hour, but 
from office door to office door? 

We are at once faced with this curious situation—that 
the speed requirement for successful commercial avia- 
tion is more important today than it will be several years 
from now! This is because airdromes are less frequent 
and more remote from cities, and the office-door time 
interval must include a motor-car ride to the airdrome, 
and this is likely to be far longer than the taxicab ride to 
the station. 

Speed is needed at the very outset to give to aircraft 
travel the element of real sound utility, offering so 
much of advantage that people will ride in airplanes, not 
because of the sensation, or the stunt of flying, but be- 
cause, despite the danger, the uncertainty or the expense 
of flying, it is overwhelmingly the fastest and most direct 
way. When we get to this point a commercial era as 
big as railroading begins to rise out of the fog. 

The significance of higher speed is readily shown. A 
70 mile per hr. airplane, with no allowance for head 
winds, would take about 3’ hr. to go from Belmont Park 
to Anacostia Field, near Washington. From the office 
door in New York to Belmont Park would take about 50 
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min., and from Anacostia to the office 


Washington 
door about 30 min., making a total of 4 hr. and 50 min. 
under perfect conditions and connections, a total cer- 
tainly not enough less than the train time to give any 


justification for the added expense and bother. But the 
170 mile per hr. airplane would go from Belmont Park 
to Anacostia in 114 hr., a shorter and therefore a less 
wearing trip, and with the same connecting trips to 
offices would give a total of 2 hr. and 35 min. from office 
door to office door—less than half the train time. A busi- 
ness man could leave his house at 8 a. m., arrive in 
Washington at 10.35, leave Washington at 2 p. m., and 
arrive at his office at 4.35. Now, as will happen, let us 
consider a 20-mile head wind. The 70 mile per hr. ma- 
chine will take about 415 hr. for its flight, making a total 
of almost 6 hr.—longer than the train; while the 170 
mile per hr. airplane will make its flight at 150 miles 
per hr. in 1 hr. and 28 min., giving a total of 2 hr. and 48 
min. Obviously, therefore, the fast machine is less de- 
pendent on the weather. In addition, it is less wearing on 
the engine, due to the shorter duration of its run. 

The element of safety, compared with the train, is ques- 
tionable and yet to be proved. There are many train 
accidents. The unreliability due to weather is caused 
principally by fog, since an airplane is not stopped by 
rain, particularly with a closed body. Enough must be 
offered to overcome objections. 

Our needed utility, then, is clearly speed. Whether 
large or small machines are used is really subordinate. 
They must be fast machines. 


PRACTICABILITY OF HIGH SPEEDS 


How practicable is higher speed in airplanes? A three- 
seated monoplane recently in test at Dayton, made 150 
miles per hr. A European scout is reported to have 
made 160 miles per hr. The standard DeHaviland makes 
about 120 miles‘per hr. 

Increase in speed of airplanes is limited by 


(1) Landing field conditions requiring a certain min- 
imum speed for safe landing. In general, today, 
an airplane for practical purposes must be able to 
slow down fo at least 55 miles per hr. 

(2) The speed range value of wing sections, sufficient 

area having been provided for the necessary slow 

speed, with available range up to maximum high 
speed. This depends much on the wing section 
used. Wing sections are now available that per 
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WHICH THE STREAMLINE SHAPE OF 
SMALLEST POSSIBLE SIZE 
. 


mit of a speed range of as much as 48 to 160 miles 
per hr. Formerly a speed range of 50 to 75 miles 
per hr. was considered excellent 

(3) The arrangement of wings to give the minimum of 
interference for high lift at slow speeds and yet 
also the minimum of area, entering edge resist- 
ance and skin friction for high speed. Recent de- 
velopments have proved the ideal value for this of 
the monoplane type, since every square foot of its 
surface is working at the highest possible efficiency, 
requiring for the same load, a smaller wing of less 
resistance and less weight 

(4) The the engine for the same size of 
engine and of airplane body; obviously the more 
power, the more speed 


power of 


(5) The efficiency of the propeller, an increase in which 
merely means more actual power for the 
weight 


same 


(6) The structural resistance of the airplane, the air 
resistance of struts, wires, landing gear, radiator, 
etc., oll of which are a great liability and merely 
use up power 

The history of the increase in speed of airplanes from 
the early Wright biplane and Bleriot monoplane, that 
made from 35 to 40 miles per hr., to the present 150 
miles per hr. machines, is merely the recital of alternative 
steps in the improvement of the above mentioned features. 
Using the same engines, airplanes were made faster by 
cleaner design, less head resistance, better wing sections. 
The Nieuport monoplane, which was distinctly an epoch- 
making design, had almost double the speed of the old 
Bleriots with the same engines. Then follow the in- 
stances where new engines of higher power appear, in- 
creasing the speed of the old airplane, followed by a 
further increase in speed by designing new airplanes 
for those higher powered engines, and so on, in an end- 
less seesaw of improvement, first on the plane, then the 
engine, then the plane, and so on. 

One thing is becoming very obvious: With the air- 
plane designing knowledge available, the really funda- 
mental and governing limitation is found in the engine 
available. The advent of a new engine is quickly fol- 
lowed, now, by suitable planes to make use of it, and 
the shorter time for development required for the plane 
is evidence of how much the advance in aviation is be- 


THE 


ENGINE Is TAKEN ADVANTAGE OF TO GIVE THE FUSELAGE THE 


coming essentially a problem in engines, the plane end 
requiring merely a clever and simple application of what 
we already know. In this it is becoming increasingly 
evident that the aeronautical engineer is far ahead of 
the engines he has available; so much so that a trend 
of endeavor on his part to include in his work the de- 
signing of the engine he needs is almost certain to follow. 

The problem of increasing speed divides itself for 
consideration into two parts: (1) How can we increase 
speed with the present available engines? (2) What 
new developments in engines are needed to give better 
performance? 

The total head resistance of an airplane can be divided 
into: (1) Drag resistance of the planes, a fraction of 
the lift, (2) Resistance of the struts and wires sup- 
porting the wings, (3) Resistance of the landing gear, 
and (4) resistance of the body or fuselage, governed 
largely by the shape of the engine, the size of the radi- 
ator, etc. 

The last item, the body resistance, on the usual tractor 
types is very great; in fact, on a fast machine it is the 
preponderant resistance, due not only to the bulk of the 
body, but to the fact that it is placed in the slip-stream. 
of the propeller, in an air velocity 25 per cent greater 
than the speed of the airplane itself. We may look, 
therefore, to a.refinement in the contour of the body, 
and particularly in a closing up of the various cowling 
gaps around seats, to reduce body resistance. In con- 
sidering this it becomes very apparent that the Gallaudet 
system of propeller drive around the body at the rear, 
without the awkward structure of the ordinary “pusher” 
type, has a very real engineering advantage. 

The structural resistance of the landing gear is obvi- 
ously subject to complete elimination by a mechanical 
method of folding it into the body, as has been proposed 
by several engineers here and abroad for several years. 
Struts, and, above all, wires and cables, are being elimi- 
nated very rapidly in various modifications that have 
been developed. Gradually, in reducing the amount of 
bracing, we are approaching the interior braced wings, 
which have attracted many designers. A wing structure 
with somewhat thicker wing sections, requiring no out- 
side bracing, and completely eliminating the structural 
resistance of bracing struts and wires, has already been 











built successfully in this country by several people, in- 
cluding myself, and it is found that the-weight is not 
excessive; and the thicker wings, offering room for fuel, 
radiators, etc., reduce the necessary size of the body and 
consequently its resistance. 

Beyond these features there is not much that can be 
done with the same engines, except to build the air- 
plane lighter and therefore smaller, and lower in that 
criterion of performance, low pounds per horsepower. 


IMPROVEMENTS IN ENGINES 


Turning to our second problem, and seeking improve- 
ments in engines, there becomes evident at the outset 
the real and great importance of the shape of the engine. 
A 400-hp. engine widely used today actually presents, 
with its necessary radiator, a normal cross-sectional 
area, at the least, 2 sq. ft. greater than a 300-hp. engine 
also well known. At 160 miles per hr. airplane speed, 
practically 200 miles per hr. slip-stream speed,.this extra 
2 ft. absorbs a resistance of 


KSV* = 0.003 & 2 XK 40,000 = 240 Ib. 


which, at a speed of 160 miles per hr., uses up about 
128 hp. Actually, therefore, on the basis of effective 
power available for speed, the 300-hp. engine of better 
shape is more powerful, let alone that it is lighter and 
uses less fuel. Of course, at slower speeds this differ- 
ence becomes less and less marked, but for higher speed 
it becomes tremendously important. 

Streamline shape, however, is not the only big item 
in which engines can be improved. Their shape and 
arrangement for mounting in the airplane are subject to 
profitable modification. We too frequently overlook the 
fact that the total weight of an engine is greater than 
its weight bare. The engine, due to its design, demands 
a certain arrangement of radiator, a certain cowling, and, 
what is more important on practically all upright engines 
today, a heavy, complicated and generally bad design 
of engine bed. The reason for this is that we are using 
mostly the automobile type of engine. What we need 
is an airplane type of engine, where these fundamentals 
are studied as the important basis for design, and not 
relegated to be “coordinated” afterward by the airplane 
constructor. A modification in the engine requiring less 
in weight of engine bed, or cowling, or doing away with 
extra fuel-pumps, water headers, etc., offers far easier 
means of reducing the total weight than lightening of 
the crankshaft, and it is the total weight of the airplane 
in the air that counts—not the weight of the engine on 
the block. 

With the few improvements in reducing airplane re- 
sistance incorporated on a 300 or 400 hp., three-seated 
machine, with a new engine of small size and carefully 
studied shape, speeds of 200 miles per hr. are actually 
possible without introducing anything new in the art of 
flying, or requiring anything more in skill and facilities 
for landing than we now have. 

With speed, airplane navigation itself becomes more 
sure. A 5 mile per hr. drift throws the 200 mile per hr. 
airplane only 10 miles off its course in 400 miles, whereas 
the 50 mile per hr, airplane would, on a 400-mile distance, 
be 40 miles off its course. And with sufficient speed we 
have a powerful weapon with which to fight objections of 
high expense, uncertainty or danger, because not only is 
the world willing to pay for something it can get in 
no other way, but the history of every means of transpor- 
tation shows what inconvenience and bother people will 
tolerate if their time is actually saved in great enough 
measure, and their life thereby made more full. In speed 
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is the airplane’s greatest utility; let us seek it with every 
possible intelligent effort. 
Tue Discussion 

LIEUT.-CoL J. G. VINCENT:—This paper is very timely, 
and very much to the point. I entirely agree with Mr. 
Loening regarding the absolute necessity for putting the 
airplane industry on a sound footing by a careful and 
painstaking study of the cold facts. His discussion of 
the subject is very clean-cut, and worthy of the most 
careful consideration. 

Coming to the matter of design, I note that he lays 
great stress on the necessity for developing higher speeds 
by cleaning up the design, improving the engines, etc. 
Generally speaking, I agree with his contention that 
reasonably slow landing speeds must be maintained. To 
put it another way, I would not recommend going after 
high speeds, at least until proper landing fields are avail- 
able all over the country. 

I heartily agree with him also regarding the necessity 
for careful study of engine design. I feel certain that 
aircraft engines can be vastly improved without in any 
way altering the basic designs which have been found 
good. These improvements will not only consist of 
changes to facilitate the mounting of the engine, but also 
the hooking up of the engine to the various necessary 
systems, such as the gasoline control, cooling, lubricating 
systems, etc. The war has taught us the necessity for sim- 
plification to secure reliability, and I am sure that if the 
engine and plane designers will get together they can 
bring about a wonderful saving in cost and weight and 
at the same time increase reliability, and therefore the 
safety of passengers and cargo, to an astonishing ex- 
tent. 

I want to make a strong appeal for increased activity 
along properly standardized lines. In the war it was 
necessary to work under conditions which made standard- 
ization very difficult if not impossible, but, as Mr. Loening 
has stated, a vast amount of data has now become avail- 
able, and reasonable standardization will greatly facili- 
tate the production of good airplanes during peace times. 

A large part of the expense of building airplanes in 
small numbers is the making of the many small fittings. 
These are made out of special materials the obtaining 
and machining of which in small quantities is a very 
expensive matter. If these parts were properly stand- 
ardized they could be manufactured in large lots by 
specialists and made available for the various companies 
engaged in the manufacture of airplanes and airplane 
engines. 

ALEXANDER KLEMIN:—lIt is indeed true that the air- 
piane will become commercially useful by virtue of its 
utility and not because of its pleasure features, and that 
speed, above all things, is to be desired, but I am not 
of the opinion that comfort need be entirely disregarded. 
Mr. Loening deals mainly with the single-engine machine 
of between 200 and 400 hp., attaining great speed by 
virtue of refined design and a well-adapted light engine. 
I think, however, that 200 miles per hr. is slightly beyond 
our powers at the moment, although this figure can be 
closely approached. Such a machine could carry one, or 
at most two, passengers besides the pilot. To secure the 
required speed the fuselage would, of necessity, be cut 
down to a minimum cross-section and the passengers 
closely huddled together. It remains to be seen if this 
is the most desirable-type for commercial passenger serv- 
ice. The expense of operating with a carrying capacity 
of but one or two passengers would be very great.. For 
a machine of this speed the pilot must of necessity be 
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exceedingly skillful, and he will demand adequate remu- 
neration, while at the same time there will not be many in 
his class. The engine, if it is to be light—and it must be 
very light in a small machine of this type—will not have 
reliability and long life. In the case of engine failure 
across country the pilot must immediately come down, 
and for a time, at least, landing fields will be none too 
plentiful. 

It seems to me that we should consider for commercial 
work the possibility of larger machines with two or three 
engines. With multiple engines it would be possible to 
complete a journey with one engine completely out of 
commission. With the engines set out on the wings, the 
central fuselage can be made roomy and comfortable and 
entirely enclosed, with sufficient space for passengers to 
stretch their legs, an important consideration even on 
a trip of 1% hr. The larger machine would be more 
stable, and thereby safer and more comfortable. The 
installation of wireless direction finders, the use of maps, 
the means of communication between pilot and passen- 
gers would all be easier. The number of passengers car- 
ried could be increased, an important commercial con- 
sideration. The engine could be more rugged and reliable. 
It is true that all this militates both against speed and 
the possibility of landing in restricted areas, but not to a 
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prohibitive extent, and the large machine would certainly 
cease to roll on the ground sooner than the 200-mile per 
hr. speedplane. There will undoubtedly be use for both 
types of plane, but I am of the opinion that the multiple- 
engine type, making less strenuous demands on the engine 
builder, is extremely interesting at the present time. 

{ have studied the question of internal bracing for 
some time, and agree with Mr. Loening that it offers 
undoubted possibilities for a small type of machine. 
For large areas and spans the bridge-type truss will re- 
main. To offset the advantages of internal bracing we 
have the increased weight of the truss and a poor wing 
section. A systematic comparative study of the two 
types will no doubt be made by the laboratories, but the 
final answer will probably come from the series of ma- 
chines of this type which are certain to be built. 

I am of the opinion that something more than speed 
and ultra refinement are needed. The airplane must de- 
velop on such lines that a little waste here and there need 
not worry us. For war purposes, when expense was no 
object, skill in handling was presupposed, and a little 
structural and breakdown risk could be ignored; speed 
and ultra refinement were certainly the order of the 
day. We must now build an airplane that can be called 
a “bus,” with all that this insignificant word entails. 


‘ 


STANDARDIZED RIGID PAVEMENT ADOPTED IN ILLINOIS 


N view of the rapid development of interurban truck trans- 
| portation, load-carrying capacity is the logical basis 
for the design of rigid pavements of different types, according 
to an article by Clifford Older’ in a recent issue of Engineer- 
ing News-Record. 

A concrete slab, 7 in. thick at the side and 8 in. at the cen- 
ter, the concrete to be mixed in the proportion of 1 part of 
cement, 2 parts of fine aggregate, 4 parts of coarse aggre- 
gate and only sufficient mixing water to give maximum 
strength, for roads 16 to 18 ft. in width, was developed at a 
recent conference of the Northern Mississippi Valley States 
and has been adopted by the State of Illinois as the basis for 
all its rigid surfacings. The only other types considered suit- 
able for the primary road system of Illinois are monolithic 
brick and bituminous concrete on a concrete base. 

Brick pavements have been constructed in many ways. For 
several years Illinois has favored the monolithic type as it 
seems to be giving good results. The standard now adopted 
is a standard 3-in. brick laid on a concrete base 5 in. thick 
and having the proportions of 1:2:3%. This gives a pave- 
ment, it is stated, which has practically the same carrying 


_ Chief highway engineer, Department of Public Works and Build- 
ings, Springfield, TIl. 


capacity as that adopted as a standard concrete pavement. 

Two designs of bituminous concrete surfacing laid on a 
concrete base have been adopted. One is a 2-in. Topeka type 
of bituminous concrete laid directly on a concrete base, while 
the other consists of a 1%-in. binder course of bituminous 
concrete on which is laid a 1%-in. Topeka type wearing sur- 
face, making a total thickness of 3 in. of wearing surface on 
a concrete base. A 7-in. base of 1:2:3% mix has been adopted 
as the standard. 

A careful analysis of the country road problem, Mr. Older 
states, indicates that in the future there will be unprecedent- 
ed conditions to meet. Heavy motor-truck traffic will pre- 
vail on all main improved roads, and this traffic will be con- 
fined day after day to the same wheel tracks because of the 
limited widths of pavement that can be built with available 
funds. 

Illinois is facing the problem of expending judiciously for 
road building a State bond issue of $60,000,000, together with 
about $24,000,000 of Federal-aid appropriation. Practically 
all of these funds will be used on the main road system of the 
State, constituting approximately 5 per cent of the total road 
mileage, and estimated to carry about 60 per cent of the en- 
tire traffic. The design of the pavements to be used on these 
roads is therefore a matter of the greatest importance. 





MAKING A HOBBY OF WORK 


Mas men engaged in hard physical or mental effort ac- 
tually take keen interest and pleasure in shop or office. 
Each appreciates the progress of the department in which he 
happens to be employed, just as though the whole success of 
the thing depended upon him alone. Each is enthusiastic over 
any special achievement in his branch of the work and grati- 


fication beams from him when he has done something par- 
ticularly well. 


These men are simply those who gain supreme satisfaction 
in life from good work well done. It means more than pass- 
ing satisfaction to them to feel that those who are to follow 
will say, “He who went here built a good road.” —Power. 











Vol. 1V 


June, 1919 No. 6 





MOTOR-TRUCK HAULAGE COSTS IN OHIO 


N investigation made of one of the long-distance motor- 

trucking companies operating between Akron, Cleve- 
land and Youngstown, Ohio, and covering a 12-month period, 
has recently beer completed by Melvin W. Boyle for the 
Packard Motor Car Co. The results of the investigation 
show that freight rates which have heretofore been charged 
are much too low, not giving a reasonable profit to the truck 
operator. The cost of running a 3%-ton truck averaged 
$28.89 per day when covering an average distance of 55 
miles, or about 52c. per mile. The investigation was made 
to determine what rates should be charged, as indicated by 
the actual cost of doing business. The following is an ab- 
stract of the report covering the investigation given in a 
recent issue of Engineering News-Record. 

Freight shipments between Cleveland and Akron were 
found to be much greater than those between Cleveland and 
Youngstown. The amount hauled between the former places 
was 80 per cent of the total. However, the cost per mile on 
the haulage of the 20 per cent transported between Cleve- 
land and Youngstown was the same. The investigation 
covered a company operating twelve 34-ton trucks. The 
amount of freight from Cleveland to Akron was just about 
double that from Akron to Cleveland, the average loads being 
8500 and 4300 lb., respectively. Thus, the trucks generally 
ran one way only half loaded. If this could be remedied 
the indicated rate would be cut considerably. 

One of the largest factors tending to increase the cost of 
operation was found to be the condition of the roads. Breaks 
in the surface, requiring detours, failure to remove snow, etc., 
all caused costs to jump. At times it took trucks from 2 to 3 
days to make a return trip between Cleveland and Akron. 
Trucks were blocked in the snow, requiring gangs of men 
to dig them out, and often an extra truck had to be sent 
to assist. After every heavy snowstorm the trucks had to 
break their own way, not only being delayed thereby but 
having excessive repair charges due to the wear and tear. 
The extra expenses for drivers, gangs of men, etc., mounted 
when bad conditions were encountered. In the spring months 
the road was impassable in many stretches, and this required 
long detours over poor roads in which deep ruts and holes 
were formed, often causing breakage of springs, injury to 
differentials and other damage. 


AVERAGE MILEAGE CoveRED BY TRUCKS 


The average number of miles covered per truck per day was 
55, or 16,500 miles per yr. of 300 days. This mileage 
allows for truck repairing, overhauling, time lost in loading 
and unloading and various other delays. Thus, although the 
actual speed in operation was much greater, the average 
was cut down by this loss of time. The development of the 
pneumatic tire will undoubtedly increase mileage and thereby 
lower the cost; however, this tire has not yet been put on the 
market for the larger trucks and cannot be an 
remedy. 

Some of the items in the accompanying table need explana- 
tion. Item 5, driver’s expense, covers meals and room rent 
when out of town. Item 10 covers the expense of a repair 
gang which is needed in long-distance motor trucking. This 
gang must consist of men competent to repair trucks and 
must be ready to work night or day when trucks break down. 
The records show that two mechanics were needed to keep 
twelve trucks moving. Item 11 covers one complete over- 
hauling per truck per year, which has also been found 
necessary. Item 13 covers warehouse charges, salaries, office 
expense, traveling expenses, etc., for the three cities on the 
route. 


immediate 


OPERATING COST FOR LONG-DISTANCE TRUCKING 
Cost 
Item Per Year Per Day Per Mil 
1 Interest on $5,000 at 6 per cent 


on depreciated value $180.00 


2 Insurance, complete protection 150.00 150 oo: 


3 Depreciation at 20 per cent 
per yvear 1.000.00 3.33 O80! 
{ Driver at $5 per day 1.500.00 ».00 00909 
Driver's expense 200.00 1.00 O.OLSO 
6 Helper part time LO0.00 0.3 0.0060 
Gasoline, 2 mile pe ga 
at Zo : 1,288.65 2.29 ) 0781 
8S Lubricants, 78 miles per ga 
at 58c. and 10c. per day fo 
grease etc 155.10 0.5 0094 
’ Tires, 36 x , dual rears 
$448.00, less 10 per cent 52.0 * O57 
10 Repair men, 1 at $1,900 pei 
l t 10 ye I 
. Oo 12 
<3 0.9 O01 
l | 4) ul 600.00 > i OS¢F 
GG cr ¢ 2 ii 0.7 m1Se 
Overhead, $1,600 ] ; 
MK 1.600.00 0969 
\ 


RATES 


In a trip from Akron to Cleveland and return the distance 
covered averaged 100 miles. 


COMPUTATION OF NECESSARY FREIGHT 


This was due to a certain mile- 
age covered in each city, in delivery and pick-up. 
the cost per mile as shown in the table, 
would be $52.47. 
one-half 


Using 
the cost per trip 
The average tonnage, as stated before, was 
and a full load back, or an efficiency of 
75 per cent. On a basis of 8500 lb. for a full load, the costs 
and the indicated freight rates are as follows for 
efficiencies: 


load up 


various 


For 75 per cent efficiency, the combined load would be 12,- 
750 lb., transported at a cost of $52.47, or $0.4115 per 100 lb. 
With a profit of 20 per cent, the indicated freight rate would 
be $0.4938. 

At 83 per cent efficiency or two-thirds loaded one way 
and a full load the other way, the combined load would be 
14,168 lb., or an average $0.37 per 100 lb., which 
with a profit of 20 per cent added would give an indicated 
freight rate of $0.444. 

With a 100 per cent efficiency, or a combined load of 17,000 
lb., the indicated freight rate would be $0.369 per 100 lb. 
The records showed practically no difference 
cost for loaded and empty trucks. 

Present rates are far below these indicated rates, princi- 
pally because the operators had to make a tentative rate 
until the limiting costs had been determined. Furthermore, 
the established trucking companies are put at a disadvantage 
by the man owning a single truck who is willing to use it for 
a day or two in good weather to keep his truck busy. To 
run a legitimate trucking business, the operator must work 
summer and winter and in all kinds of weather, and if manu- 
facturers want this service they must pick a dependable 
firm and pay a profit; otherwise, the trucking companies 
will have to go out of business. 

It may be interesting to note that of at least twenty 
companies, many small and a few of good size, which have 
operated between Akron and Cleveland, there are only two 
still in the business which have operated over 1 yr 
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Adapting the Fuel to the Engine 


By E. W. Dean? (Member) ann J. P. 


HE Bureau of Mines, in the course of its work to 

promote efficiency in the utilization of mineral re- 

sources, has devoted much attention to the problem 
of fuel for internal-combustion engines. Up to date 
gasoline has. been the principal product of interest, but 
the present discussion concerns those fuels that are used 
in so-called heavy oil engines. An endeavor has been 
made to present some simple fundamental information 
regarding a group of petroleum products that are usually 
regarded as nothing more interesting than a source of 
heat. 


Types or Furet PrRopucts 


DERIVED FROM PETROL“=UM 


The fundamental operation in the refining of petro- 
leum is distillation or fractionation. Crude oil is boiled 
in suitable stills and the vapors are condensed. Those 
products which are “lightest,” that is, have the lowest 
boiling points, are removed first. The heavier, or higher 
boiling products, distill later or may be separated as a 
residue left in the still. The distillation process is some- 
times complicated by the phenomenon of cracking which 
eceurs in certain types of refinery procedure. Cracking 
is actually nothing more nor less than destructive dis- 
tillation, or decomposition by heat, and the production 
of kerosene by this means has been standard refinery 
practice for many years. The production of gasoline 
by cracking is more or less an innovation and involves 
the use of pressure, whereas the older types of cracking 
or coking stills operate at atmospheric pressure. 


The fuel products separated from crude petroleum 
may be grouped under the following classes: 
Gasoline 
Kerosene 


Gas oil or fuel oil distillate 
Light residuum fuel oil 
Heavy residuum fuel oil 


PROPERTIES AND MetTHOD OF PRODUCTION 


An adequate discussion of the properties and methods 
involved in the production of these different types of 
petroleum fractions would be beyond the scope of the 
present paper, but a brief description may serve to in- 
dicate differences that are of economic importance. 

Gasoline is a product that is so familiar and so fre- 
quently discussed that it needs little description in the 
present connection. Its production ordinarily involves 
distillation, chemical treatment and redistillation. Its 
essential properties are volatility and a degree of purity 
that is indicated by freedom from colored and malodo- 
rous impurities. 

The production of kerosene requires also a primary 
distillation, chemical treatment and redistillation. The 
essential “properties of kerosene are safety and ability 
to burn:satisfactorily from a wick: 

The petroleum fractions classed as gas oil or fuel oil 
distillate vary over a wide range of physical and chemi- 
cal properties. Their production generally involves a 
single distillation, and they are not subjected to chemical 


‘Published by permission of the Director of the Bureau of Mines. 


“Petroleum chemist, Bureau of Mines Experiment Station, Pitts- 
burgh, Pa 
*Petroleum technology 
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treatment. Their common characteristic is practical 
treedom from asphaltic or pitchy constituents that form 
coke when the oil is heated strongly enough to cause 
complete vaporization. In addition to its numerous 
industrial uses, gas oil is at present the preferred mate- 
rial for transformation into gasoline by the pressure- 
distillation cracking processes. 

Residuum fuel oils vary over an even wider range 
of physical and chemical properties than do distillate 
fuel oils. Their essential characteristic is a content of 
pitchy, asphaltic material, which decomposes with the 
formation of coke when the oil is heated strongly enough 
to bring about complete vaporization. There is no clear- 
cut line of demarcation between products classed in the 
present discussion as “light” and “heavy,” but a distinc- 
tion has been made on the basis of viscosity or ease of 
flow. Oils that require preheating before they can be 
hendled in ordinary equipment are classed as “heavy”; 
those that flow satisfactorily without this treatment are 
classed as “light.” Residuum oils are more likely to 
contain such impurities as water and sediment than are 
distillates, and this tendency is more marked with the 
heavier than with the lighter products. Most of the high 
sulphur oils, such as those from Mexico, are of the heavy 
type, though not all heavy residuum oils contain exces- 
sive percentages of sulphur. 


QUANTITIES OF DIFFERENT OILS AVAILABLE 
The Bureau of Mines refinery statistics for the calen- 


dar year 1918 show a production of the different types 


of fuel products represented by the following approxi- 
mate figures: 


Product 


Gal. 
ey OR GEE 5 ote) BY AL Hp 3,600,000,000 
PPI © vi SORA Be fi SERS 1,800,000,000 
Pep MEE Se eee ee 6,600,000,000 


The total amount of crude oil consumed in the United 
States in 1918 that was not refined was 3,100,000,000 gal. 
The actual statistics do not distinguish between the 
sub-classes grouped under fuel oils, but these have been 
subjected to the following provisional estimate: 
Gal. 
Gas oil or distillate fuel oil 800,000,000 
Be IEEE ss acne + wa oe cieceen 2,000,000,000 
EPOUVE TONER fi0(50s's:sSiclo sacle concent 6,900,000,000 


The high figure for heavy residuum was obtained by 
considering all unrefined crude oil consumed in the coun- 
try as being in this class. The present distribution 
among the three sub-classes, whether or not it is accu- 
rately represented by the figures just given is actually 
determined in the main by conditions of profitable 
marketing. The methods and equipment now used in 
refineries would permit considerable increases in the 
production of certain types of oil, if demands warranted 
the necessary changes. The yield of gas oil or fuel oil 
distillate, in particular, could be notably increased if its 
market value were sufficient to render profitable its sepa- 
ration from the residuum oils. Light residuum oil can 
be converted into distillate and heavy residuum, and 


the latter product can, if desired, be distilled and cracked 
into distillate oil and coke. 
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The Bureau of Mines is not in possession of figures 
indicating with any degree of exactness the actual cost 
of producing the types of products listed and can discuss 
this subject only in general terms. Manufacturing or 
processing costs are approximately the same for gasoline 
and kerosene, notably smaller for gas or fuel oil distil- 
late and still less for residuum oils. 

In actual fact, these processing costs do not seem to 
be of more than minor practical significance, as the sell- 
ing price of petroleum products is now, and probably 
always will be, determined chiefly by the ratio between 
supply and demand. For this reason, it is more desir- 
able to estimate the probable future cheapness or costli- 
ness of oil fuels on the basis of figures pertaining to 
production and consumption, rather than on actual costs 
of treatment and handling in the refinery. This fact 
is brought out particularly well by the present ratio of 
more than two to one between the market prices of gaso- 
line and kerosene which are products costing approxi- 
mately the same to refine. 


AUTHOR’s CONCLUSIONS 


The present paper has indicated that there are avail- 
able for use in heavy oil engines several types of petro- 
leum products that vary considerably in physical and 


THE MECHANISM OF 


ICROSCOPIC examination shows that steel is crystal- 

line in nature and heterogeneous in composition. Each 
constituent has its own physical and chemical characteris- 
tics, and the results which we get from the test bar are really 
summations of the physical characteristics of the constitu- 
ents. Alternating stress is one of the most accurate methods 
for the determination of the true elastic limit. 

Howe’s modification of Rosenhain’s amorphous theory 
seems to offer the most plausible explanation of the greater 
strength of the grain boundaries. Thompson’s surface ten- 
sion theory adds very little to our knowledge and rather com- 
plicates our conception as to what really happens. That sur- 
face tension actually exists, there is little doubt, but it does 
not appear to be a determining factor. 

My opinion as to what happens in the fracture of steel is 
that the first effect of stress is to cause a flow of amorphous 
material surrounding the grains, indicated micrographically 
by a ridging along the grain boundaries and a molecular yield 
in the space-lattice of the crystals. When the elastic limit is 


June, 1919 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


chemical properties. It does not appear, however, that 
the desirability of any particular type of product is 
so definitely, established as to be independent of the 
conditions under which it is to be used. The heavy 
residuum oils are cheapest and most abundant, but prob- 
ably the most difficult to utilize. Light residuum oils are 
less abundant and though more satisfactory to use than 
the heavy are uneconomical for the refineries to turn out, 
as they contain products of greater value, such as dis- 
tillate fuel oils and lubricants, that can be separated by 
simple refinery methods when there is sufficient demand 
for such fractions. : 

Distillate fuel oils are inherently more costly to pro- 
duce than the residuum types but are potentially plentiful 
and are satisfactory to use. One circumstance that 
modifies their desirability as fuel for heavy engines is 
the fact that they are likely to be required in increasing 
quantities for transformation into gasoline by the crack- 
ing processes. 

Kerosene is the least abundant and most expensive of 
the several fuel fractions. Its utilization in internal-com- 
bustion engines would be a highly desirable accomplish- 
ment for the immediate future but such a practice does 
not seem to provide an addition of any real importance 
to the country’s resources of petroleum fuel. 


FRACTURE IN STEEL 


reached the amorphous cement, as determined by the strength 
and amount of it, breaks transversely, owing to its weakness 
in that direction, and the load is suddenly thrown upon the 
crystal. The plastic yielding, due to slipping, causes a sud- 
den drop in the applied stress, which, after sufficient inter- 
crystalline amorphization takes place, again causes the ap- 
plied stress to rise, but this time with considerable elongation. 
This is what the stress and strain diagram shows us actually 
happens. The unbroken part of the intercrystalline cement 
is not weakened and so still supports the crystal laterally. 

The longer path of the intergranular cement, as compared 
with internal shear, accounts for the fact that we do not have 
intergranular fracture in the case of suddenly applied loads. 
The strength of the grain boundaries, therefore, can be ac- 
counted for on the mere assumption that the amorphous 
boundary material is somewhat stronger than the crystalline 
phase without complicating our conceptions with further un- 
necessary assumptions——W. E. Ruder in Journal of the 
Franklin Institute. 


VIBRATIONS OF FOUR-CYLINDER ENGINES 


iE degree to which the lack of balance of a four-cylinder 

engine vibrates a car is proportional to the reciprocating 
weight, the revolutions of the engine and the displacement of 
the center of gravity of the moving parts (taken as a 
system), and it is inversely proportional to the weight of the 
rest of the car. If the amplitude of vibration, which can 
easily be calculated, can be got down to something in the 
region of 0.1 mm., which seems not entirely beyond hope, I 
imagine that the human body would have considerable diffi- 
culty in detecting any vibration at all, so that for practical 


purposes this would represent conditions of “perfect” bal- 
ance. F 

It is questionable whether this state of affairs can be 
achieved with present-day materials, even of the very best 
quality, but if the progress in the treatment of steel and 
metallurgy generally continues to be carried along at the 
same rate in the future as has been done in the recent past, 
it will not be very long before the four-cylinder engine 
reaches the standard necessary to meet the foregoing re 
quirements.—W. G. Aston in Autocar. 
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Keeping 40,000 Army Motor Trucks in 
Operation 


By G. E. Ranpues' (Member) 


Moror Truck MEETING PaPEeR 


trucks for transportation of supplies in our over- 

seas army is the problem of keeping them in opera- 
tion. It was obvious from the start that the 40,000 mo- 
tor transports determined upon as the minimum would 
not be sufficient unless they were kept in use practically 
all of the time. From the beginning of mobilization, the 
requirements of the army for motor transportation have 
been in advance of the equipment available, making main- 
tenance a thing of first importance. 

Thousands of trucks sent to the front during the first 
days of the war in 1914 soon found a place on the scrap 
heap. They were good for many more miles and days of 
service, but there was hardly a repair man in the army, 
and each driver had to make his own minor repairs with 
such tools as he carried with him and in his own way. 
Hence it was to be expected that when the program of 
the United States Army was begun, maintenance should 
go hand in hand with production. 

In the beginning it was recognized that the details of 
rebuilding or complete overhauling should be prescribed 
rather than left to the discretion of those in charge in 
the various shops. This would insure identical methods 
of repairs wherever undertaken and methods advocated 
by the best authorities in the country designed to secure 
extreme accuracy and a high-grade overhaul job; an 
overhaul job such that the truck would consistently per- 
form as well or better than it did when new. 

Obviously, keeping 40,000 trucks, motorcycles and any 
other motor equipment coming under the care of the 
Motor Transport Corps in repair meant processing, stand- 
ardization and quantity-production methods. The main- 
tenance division of the corps adopted methods based on 
the experience of the foremost manufacturers of motor ve- 
hicles in the country. Motor experts were called on to give 
the results of their experience, and their advice adapted 
to that of army men who had observed motor transporta- 
tion on the Mexican border. These men brought together 
the best practices, eliminated the faulty and kept those 
that had stood the test. They picked the best standards 
and established definite limits to which to work. Accu- 
racy was adapted to production. A system of thorough 
inspection of every part was established, and the final 
test made practically error-proof. 


G sce only to the problem of providing motor 


STANDARDIZED MECHANICAL REPAIR SHOPS 

Owing to the shortage of skilled labor and the constant 
shifting of it in the army, it became necessary to develop 
a scheme for the maintenance of motor vehicles whereby 
the human element was dispensed with as much as pos- 
sible, and at the same time the quantity and quality of 
work done increased. The large numbers of motor ve- 
hicles to be maintained in the army made feasible a plan 
of modern manufacturing applied to maintenance, and 
there has been developed and put into operation a plan of 
maintenance which is accomplishing this. 

In the standardized mechanical repair shops the vehicle 


‘Until recently director, division of maintenance, Motor Transport 
Corps 


Illustrated with Drawinc 


receives a complete rebuilding in all its parts, including 
engine, transmission, body, upholstery, electrical appa- 
ratus, etc., and when finished, barring hidden flaws in 
some of the parts not replaced, it has at least the original 
capacity, and in many cases is capable of a greater length 
of service than when new. The work from the time the 
vehicle reaches the dead line until it passes through its 
process of rebuilding is on the progressive system. In 
fact, in this plan modern manufacturing methods are 
applied to repair work, which results in low cost, large 
production and the use of unskilled or specialized labor. 


The work of rebuilding is thorough; nothing is taken 
for granted. Each and every unit is taken out and sent 
to its respective department, where it is taken completely 
apart, thoroughly cleaned, and then undergoes the first 
inspection, when it is either rejected as of no further 
use or an operation is prescribed to make it as good as 
new. The human element is largely eliminated here as 
limits are prescribed beyond which the inspector is not 
permitted to go in passing for use again, and there is a 
further rule as to whether to scrap or remachine. As an 
example: If a cylinder bore is found to be out-of-round 
or tapered beyond a certain limit, it must be reground; 
the oversize is prescribed in the manual, which is stand- 
ard, and this automatically requisitions from the spare- 
parts stockroom a piston properly made and finished by 
the manufacturer. Crankshafts are treated in the same 
way ; the main bearings in the crankcase are all line-bored 
to eliminate the distortion which takes place from use, 
and its surface for cylinder blocks is made true before 
this operation. All parts are carefully inspected, first 
for defects and wear, and after they are repaired, to- 
gether with the new parts which come from the stock- 
room, they are again inspected before going to sub and 
final assembly. Inspection is made at regular periods 
through the assembly of the different units and the com- 


pleted vehicles, all of which also is prescribed in the 
manual. 


The manual of repairs, referred to above, is a book of 
prescribed standards and leaves no room for choice be- 
yond the limits set. There is a definite standard for 
every repair and definite limits within which the work- 
man must keep. For instance, crankcase bearings are 
bored out to insure the shaft being absolutely square to 
the cylinder bores and then reamed to standard clearance 
of 0.001 in. per in. diameter of bearing. In grinding cyl- 
inders to standard oversize, a limit of 0.001 in. above was 
set, with no variation permitted below the standard. 
Wrist-pin bushings on the connecting -rods are reamed and 
fitted to pins with a standard wrist-pin clearance of 0.0005 
in., with upper and lower limits of 0.00025 in. Every in- 
dividual must conform to these standards and limits, and 
thorough inspection throughout the whole process checks 
the work. A finished job measures up to the high stand- 
ard of accuracy maintained in any branch of the army, 
and is the result of the best expert opinion and not the 
opinion of an individual, which may vary from day to 
day. 
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The schedule and routing department ‘from the time a 
truck or other motor vehicle arrives in the storage yard, 
or “dead line” of a mechanical repair shop, keeps a record 
of it. As soon as it is assigned a position in the storage 
yard, the arrival is noted in the production and schedule 
office and a record is made of the truck make, manufac- 
turer’s number, job number, and United States truck 
number. It is then surveyed and inspected by the survey 
board, which reports on the condition of the truck and 
recommends either rebuilding or salvage. This report, 
approved by the shop commander, is the basis of the re- 
pair instructions. An identification memorandum is is- 
sued by the production department to the battery repair 
shop, advising that the truck is on the “dead line.” This 
shop removes the battery from the truck, puts it in A-1 
shape, holding it until the overhauled truck is ready for 
test. When the chassis-bay foreman has space for an- 
other job, the production department «ssigns the truck 
to a vacant stall in the chassis bay. All these stalls are 
numbered consecutively, and the truck is tagged with its 
stall number. A memorandum is then sent to all the 
departments bearing truck make, manufacturer’s num 
ber, job number, United States truck number, and stall 
number. Every department then has full data on any 
unit which may come to it, identified only by its staff 
number. 

As the various units are removed, they are tagged with 
the stall number and placed on trailers in the center aisle 
of the bay. These trailers are picked up by tractors and 
taken to the distributing point in the main aisle, whence 
they are moved to their respective shops to be overhauled. 
The engine, transmission and driveshaft, rear axle, brake, 
front axle and steering column all go into the general 
overhaul and machine shop. Each part is tagged with a 
metal tag bearing the stall number. Parts coming from 
repair are inspected before being sent back to the stall. 


New parts are also inspected. After the engine, trans 


mission and other units are put together in the sub- 
assembly and final-assembly departments, they are re 
turned by trailer and tractor to the stall from which 


they originally came. The truck is put together again 
by the same gang that tore it down. The final test is 
thorough and intended to check repairs. It is given by a 
separate department and a group of men who have 
nothing to do with the actual repairing. The tested and 
approved truck goes back into service as good as new, 
and probably in better condition than 95 per cent of the 
trucks repaired in civil life. 


ORGANIZATION OF DIvISION Or MAINTENANCE 


The maintenance division of the Motor Transport 
Corps is organized for overhauling and rebuilding motor 
equipment in the United States and to supply parts, tools 
and personnel of mechanical repair units for overseas 
service. Maintenance repairs in the field are made by 
service park units which are mobile, or semi-mobile, and 
consist of thirty-five men with equipment. These units 
ean be taken into the field, close behind the lines, where 
repairs can be made as the emergency demands. 

Mechanical repair shops for overhauling in the United 
States are standard in size, equipment and personnel. 
Each is housed in a building of thoroughly modern, fire 
proof, concrete construction, so planned that considerable 
extensions can be made without disturbing the original 
floor arrangement. The original unit is 497 ft. square, 
providing space to carry on 120 truck overhaul jobs at 
one time. Within this enclosure is assembled equipment 
for completely rebuilding any style of motor vehicle. The 
men are so organized in all departments that the work is 
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understudied all the way through; they are equipped with 
hand tool kits which are just as much a part of their 
equipment as a rifle is for an infantryman. The tool 
kits have been standardized for the various classes of 
work and give each man the necessary tools for the job 
to which he is assigned and more or less confine his ac- 
tivities so that he will work as instructed. 

The country is divided into districts. Each district is 
in charge of a District Motor Transport Officer and each 
district organization is subdivided for administration, 
maintenance and operation. The officer in charge of 
maintenance is the commanding officer of the repair shop 
Under him are an executive officer, the superintendent 
of shop, superintendent of supplies and superintendent of 
field shops. The superintendent of shop handles his work 
through three assistants; one in charge of chassis and 
body departments; another over the inspection depart- 
ment; the third in charge of the engine, transmission and 
rear axle rebuilding departments. The superintendent of 
supplies handles all spare parts for the district. 

To man the repair shop units in the United States and 
supply the personnel for overseas units, upward of 49,- 
000 men and officers were required, and for the recruiting 
of these a trade procurement and classification branch 
was established in the division of maintenance. An ef 
fort to get technically trained men and mechanics fron 
the ranks of the enlisted men in the army failed, and per 
mission was given by the Provost Marshal General’s Of 


fice to recruit the men from. civil life. Ulable men 
were reached through the generous yperation of 
chambers of commerce, commercial ore:nizations, the 
Society, automobile clubs, advertising clubs, the volun 


tary action of business houses in donating advertising, 
and through the active help of the Military Training 
Camps Association and individuals. There was no ap 
propriation, all assistance and funds being patriotically 
contributed. 

On Oct. 1 thirty-one civilians and officers, working in 
every section of the country, from coast to coast, estab- 


lished headquarters and sent out a call for men. The de 
mand was for every class from accountants, clerks and 
draftsmen to chauffeurs and mechanics skilled in every 
branch of the trade. The response was immediate, and 


the recruits came in at the rate of over 1000 a day. By 
Oct. 10 the entire 10,000 had been obtained, permission 
was given for an extension of time, and by the end of the 
month 35,000 men had been obtained. The time was 
again extended, in this case indefinitely, until 49,200 had 
been recruited when the armistice was signed. Until 
Nov. 1, when the method of commissioning officers was 
changed by the Adjutant General’s Office, the officer per 
sonnel also was obtained through the trade procurement 
and classification branch. Each applicant was examined 
separately by member of a board of three highly 
trained automobile executives and technical men, the ain 
being to obtain men of technical ability in executive ca 
pacity. The examination covered every phase of the 
automobile industry, tests being applied to determine 
for what department the candidates were best fitted. It 
was the aim of the board to place experts in charge of 
each department. After the three men of the board had 
separately examined the applicant for a commission, thei! 
reports were checked by the chief of the board and the 
supervisor of the department. In the great majority of 
cases the judgment of the three coincided, an indication 
of the value of the examination. 

Classification of enlisted men was placed in a separate 
section of the trade procurement and _ classification 
branch, under a captain who had an officer representative 


each 


Vol. IV 


June, 1919 


No. 6 








KEEPING 40,000 ARMY MOTOR TRUCKS IN OPERATION 


in each of the large cantonments. As each inducted man 
arrived, he was interviewed and classified by trade tests 
in one of the fifty occupations represented in the division 
of maintenance. Once placed in the work in which he 
is most skilled, he is kept there permanently. While 
each mechanical repair shop unit is composed of 1491 
men and 58 officers, double the number of men are sta- 
tioned at the base, half of them in training, so that the 
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the faulty and careless methods of ordinary garage prac- 
tice. 

Credit for the organization is due to men now forming 
the personnel of the division of maintenance, formerly 
leaders in the automobile industry. Major C. H. Strong, 
assistant to the director of the division and supervisor 
of the storage branch; Capt. J. W. Lord, assistant to the 
director; Capt. Charles M. Pearsall, executive officer of 
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FLOOR PLAN AND LAYOUT OF MECHANICAL 


base is not only a repair shop, but also a school or train- 
ing camp. The personnel of both the school and unit is 
changing frequently, as new units are formed for over- 
seas. 

To the man in civil life, the organization of the divi- 
sion of maintenance, Motor Transport Corps, seems some- 
what complicated, but for the sake of efficiency, accuracy 
and thoroughness, rigid rules have been laid down and 
standards fixed. It was the aim of the organizers to avoid 





REPAIR SHOP FOR MoToR TRANSPORT CORPS 


the division; Major D. C. Selheimer, in charge of the 
base and field shops; Major William M. Britton of the 
salvage and engineering branch; Capt. Guy A. Whitcomb, 
supervisor of the trade procurement and classification 
branch; Capt. E. R. Seiter, hand and machine tools sec- 
tion; Capt. C. A. Ritzman, spare parts and accessories 
section; John W. Bate, crating and boxing section, and 
Charles R. McNiece, building engineer branch, all ren- 
dered valuable service. 
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Repair Engineering 


By Davin W. Onan (Non-Member) 


HE Society of Automobile Engineers changed its 

name to the Society of Automotive Engineers to 

take in the large class of trained men in the inter- 
nal-combustion engine industry. There is no doubt that 
the change was made at an opportune time and contrib- 
uted in large measure to the wonderful cooperation in 
production and development reached during the war. 

The change in name has resulted in greater expansion 
of the Society by bringing together the personnel of the 
automotive industry, and great progress has_ been 
made in joining up engineers from the automobile, the 
tractor, the truck, the marine, the aeronautic and the 
commercial fields, but no mention has been made of the 
repair engineers. Indeed, considerable has been done to 
camouflage the members of this branch of automotive 
engineering. They appear under several different head- 
ings, such as service engineers, maintenance engineers 
and traveling engineers. Nevertheless, a large and im- 
portant department of repair engineering exists. 

As time passes models of automotive apparatus be- 
come obsolete, and methods get out of date. An engi- 
neer’s job is to develop new models and methods and to 
overcome the disadvantages of the old in the new. That 
is understood, but what becomes of the old model? Does 
it cease to exist immediately on the introduction of the 
new, or does someone still know that it was produced, 
sold, bought, operated and held in the mind of its owner 
as dollars and cents, just as it was the day the purchase 
was made? Is the free-minded American to be expected 
to cast the old model aside and forget it and the money 
he has paid for it, just because someone has produced 
a new model? We are luxury-loving and extravagant, 
but it is doubtful whether we have reached that point. 
Is the owner foolish in expecting to find someone in the 
automotive industry who will say as he does, “She has 
her faults, but she’s a good old car, anyhow’’? 

The erigineers and manufacturers who put out the old 
models are already busy on new ones. The men who 
sold the former models are now selling newer ones. Who 
is to see to it that the still good-enough car is kept in 
repair? It will not run on like the days and nights with- 
out attention. If it was troublesome at the start it will 
get worse with use. It must not only be kept in good 
repair but maintain the appearance we describe as “‘well- 
preserved.” 

THe RepatrR ENGINEER 


Let us see what repair engineering is and who the 
repair engineer is. Look through the catalogue of any 
university or technical school and see if you find repair 
engineering mentioned. It is not taught. It is accumu- 
lated. The man who fills in the gaps I have disclosed is 
usually a very good engineer. Frequently he is a better 
man than the designing engineer whose work he studies, 
adapts, modifies, adjusts, strengthens and otherwise 
“fixes up.” He has had long and broad experience. Some 
of the earlier models ran to 80 per cent breakage. 


MINNEAPOLIS SECTION PAPER 


Let us see what exists in this maintenance field that 
could be overcome by a thorough understanding between 
the S. A. E. and the so-called repairman. Let us take 
some recent recommended practice of the Society, cover- 
ing something that has been used for several years and 
on a great many makes of cars. Take the leather disk 
magneto coupling. This, when new, can be made perfect, 
but leather ages and rots, softens and breaks; yet it is 
now up for consideration as a standard. In one repair 
organization alone in 3 yr. at a low estimate not less 
than 1000 bearings and over 400 armatures for both 
magnetos and generators were replaced, where the direct 
cause of failure was this type of coupling. 

Another example is the inboard type of automatic 
gearshift on starting motors. On this particular instal- 
lation, which is now past its third year, we find the 
drive shaft commonly used on starting motors is %4 in. 
and to attach the automatic gear mechanism a °%-in. hole 
is drilled just outside the drive end-bearing, and on the 
shaft at this point is placed a collar of 134-in. dimension 
through which also the %-in. bolt is passed. On thirteen 
out of seventeen installations of this type of mounting 
trouble was encountered as follows: Broken shaft, broken 


casting. Cause not “back-fire’” but the stopping of the 
car on an incline. Flywheel gear caught the pinion in 
rocking. Another repair was made for the same cause, 


but as sleeve-type mounting had been used, the housing 
had to be opened to loosen the starting motor. The cast- 
ing was broken, split and wedged. One other sleeve-type 
mounting was rusted and damage to the sleeve casting 
occurred in removing it. The starting motor was dis- 
assembled and a puller made to draw the support cast- 
ing. The castings were welded and reinforced; the drive 
end-bearing was enlarged to 114 in.; the shaft was made 
accordingly, and the sleeving of the broken shaft was 
double-pinned, thus doing away with the collar and mak- 
ing a permanent job without new factory parts. 

I ask, was not this engineering? 

When models are brought out requiring not more than 
20 min. to remove any piston or tighten any connecting- 
rod; 10 min. to remove the carbureter, the water-pump, 
the generator, the starting motor or magneto; 20 min. 
work on any clutch; 30 min. on a rear axle, transmis- 
sion, steering-gear or to remove the engine, the repair 
engineer’s burden will be lighter. We shall still be a 
long way from the time when his services will not be 
needed at all. Neither he nor the automotive engineer 
in any branch need worry. 

Why not design models that can be repaired? The 
automotive engineer has made great progress and great 
credit is due him for his wonderful achievements. He 
is here to stay. The repair engineer also has been here 
a long time. He has not stood still, although he has 
kept still. Let us remember that the war is over and 
look at him in peace as in war, and get closer together. 
There is something to it. 
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WASHINGTON SECTION ADDRESS 


WAS one of the men fortunate enough to be named 
on the committee which went to France with the 
idea of looking into motor truck transportation con- 

ditions and helping the service as much as possible. When 
we arrived in France, we divided into two bodies to get 
information. They told us all about their troubles. We 
understood some of them, but they had many more, and 
in the end we thought the most expeditious way to get 
results would be by appointing a commission. 

The subject of transportation is a large one. Any one 
of its subdivisions might be discussed for a whole eve- 
ning. I shall just give you a general outline of what 
happened over there and how we took hold of our work. 


A THEATRE IN FRANCE WHICH WAS USED AS A REPAIR SHOP BY THE 


After the requisitions from the other side were made as 
to the requirements, the department here immediatly 
ordered the purchase of trucks of all sizes and all makes. 
These trucks, manufactured as you know at different 
factories, were formed into fleets and driven to some port 
for shipment. At this port they were crated and loaded 
aboard the cargo ships. They then started on their jour- 
ney overseas, and some of them struck very rough 
weather, and, breaking loose from their ties aboard ship, 
jammed into one another, with the result that when they 
were landed on the other side many of them were in a 
very badly damaged condition. The leading ports of 
France were busily engaged in transporting men and sup- 
plies for the British Army and had very little surplus 
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Illustrated with PHoTOGRAPAS 


capacity which our ships could use, and it was necessary 
for our expeditionary forces to establish new ports and 
new warehouses. This work was the most marvelous 
thing | witnessed cn my trip. Almost overnight our 
men, the men in the first army, would erect immense 
warehouses, and in the course of a few months they had 
laid several hundred miles of railroad tracks up to the 
supply depots for the different divisions of this first 
army. As the army was made up of about thirty di- 
visions and each division had approximately 28,000 men, 
you can judge the extent of the railroad systems, the 
docks, warehouses and trucks that were _needed to keep 
that group of men supplied. 





AMERICAN EXPEDITIONARY FORCE TO Put ITS MOTOR VEHICLES IN SHAPE 


GETTING THE TRUCKS READY FOR SERVICE 


After the docks were ready the trucks were unloaded 
by big cranes, put on flat-boats and towed to the shore, 
because the bay was not deep enough to allow the trans- 
port or cargo ship to go in. Here again there was trouble 
with trucks breaking loose, and with very few exceptions 
ali trucks sent over in those first shipments had to have 
some work done on them before they were ready for 
service. After replacements and repairs had been made 
and the trucks were in shape for delivery to the sectors, 
they were bunched and driven to some reconstruction 
park or supply station. This made it necessary to take 
from the training camps 200 or 300 men, who were put 
in groups of ten or twelve under an experienced driver, 
if one could be found. So urgent was the need that they 
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A TYPICAL SCENE 
started out with little or no instruction, and many of the 
trucks never reached their destination. It was an emer- 
gency condition and could be overcome only by training, 
so they organized a school to train the men not only in 
driving but in taking care of trucks, and keeping them in 
road shape, ready for duty all the time and for an emer- 
gency at any time. 

Reception Park was the name given to the place where 
these vehicles were stored prior to being transferred to 
the different organizations or divisions of the army. They 
were then,sordered to report at certain points. In a good 
many cases the need of trucks in the advanced zone was 
so urgent to move men and keep food and ammunition 
going to them that these trucks went immediately with- 
out stopping along the road to unload and pick up sup- 
plies for intermediate points. 

The size of some of the warehouses is so enormous that 
I do not know of anything around here with which to 
compare them. At Bordeaux and St. Nazaire you could 
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THE ROADS OF FRANCE 

start out and walk for 5, 6 or 7 miles and never come to 
the end of the sheds, and they were all for the purpose of 
storing supplies and housing vehicles. 

From the supply depot the trucks moved in convoy in 
trains varying in size from 50 to 400 or 500, all loaded 
with ammunition, supplies or soldiers. In the advance 
zone such convoys always moved at night; during the day 
the repairmen would go over the trucks and make such 
adjustment or repairs as they could, greasing, oiling and 
cleaning up wherever possible. When dusk fell the driv- 
ers started out on their trip and moved along at a rate of 
from 10 to 15 miles per hr. and from 20 to 25 ft. apart. 
As they approached the alert zone they crowded more 
closely together, at times so closely that if by chance 
the head truck had to stop the whole train would jam all 
the way through. In that way a great number of trucks 
were wrecked. In the alert zones the trucks were always 
subject to shell-fire. The trucks were injured by shells 
by direct hits or by shells dropping near them. An ob- 
struction on the road would stop the whole line and had to 
be removed before they could go on. The shells tear im- 
mense holes in the road, and these have to be filled up be- 
fore the trucks can move. The French roads had piles 
of crushed stone or rock alongside of them and men were 
kept there so that when a shell-hole - was made it could be 
filled up. In France immense trees flank the roads and 
against the sky-line these give the driver an idea where 
the road is, but at times it is so dark and the dust is so 
dense that nothing can be seen. Men were stationed on 
the fenders, on the rear of the trucks and on the run- 
ning-boards, and the only thing the driver could do was 
to sit there and drive in the direction indicated by these 
men. They put as much system as they could into this 
to prevent accidents. In the zone the danger of attract- 
ing the attention of the enemy was so great that not even 
a cigarette could be lighted. 

In some cases logs were placed along the side of the 
road. You understand that supply trains were going up 
on one side of the road and coming down on the other, 
while in the center the ambulances dodged in and out at 
ihe rate of 30 to 60 miles per hr., just trusting to God 
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that they would not hit anything. It was the only way 
they could get through. 

The French roads are very good as a rule. In fact, 
they are the most wonderful roads I have ever seen. 
Over those roads, if a car had the capacity, it could make 
a speed of 200 miles per hr. They are just as level as a 
table and are well crowned. The crowning made a good 
deal of difficulty for our drivers, especially on the four- 
wheel-steer trucks, as it was difficult to hold these on the 
road; they are hard to handle and require experienced 
men. Very few drivers like them. 


IMPORTANT Rowe FILLED By TRUCKS 


Trucks played a very important part in the winning of 
our first great battle of Belleau Wood and in our second 
battle at Vaux and the three offensives at Chateau 
Thierry. The Germans broke through and were advanc- 
ing rapidly. It was necessary to throw in men and stop 
them; so they moved three whole divisions from up 
toward the West Amiens sector, a distance of from 150 
to 175 miles, and saved Paris. The whole three divisions 
were moved in about 32 hr. This could not have been 
accomplished in any other way than by trucks. I think 
that none of us fully realizes the importance and value 
of the trucks to the Army. Without our trucks the ad- 
vance forces could never have been brought up. You may 
remember that the English could not hold Cambrai be- 
cause they had not enough trucks to bring up supplies, 
ammunition and guns. 

We found that in these different supply, ammunition or 
whatever trains they might be, there were never more 
than one or two men who knew anything about trucks. 
They knew something about driving them, and that was 
all. Just out of La Fere, where a train was made up of 
Pierce-Arrow trucks, we found them lubricating bear- 











WHAT SOME OF THE ROADS IN FRANCE IN THE ADVANCED ZONE 
LOOKED LIKE DURING THE WET SEASON 


ings with heavy transmission oil. It was things like that 
which caused a lot of trouble. In a number of instances 
we found truck bodies held on by only one bolt and 
bumping up and down on the frame, due to the fact that 
the men put in charge had not had experience and there 
was nobody to issue instructions. Every division had 
ten, twenty or thirty trucks lying by waiting for a lit- 
tle bolt, or a tire, a wheel, a spring, or something of that 
kind. I know of one case where two or three divisions had 
practically their whole line of trucks tied up waiting for 
spare parts. 
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A MOBILE REPAIR SHOP WITH A COLLECTION OF WRECKED AND SERVICEABLE VEHICLES 
The Former Are Sent to the Rear for a Complete Overhaul and the Others Are 


Returned to the Front 
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ONE OF THE BRIDGES OVER THE MARNE NEAR CHATEAU THIERRY 


We spent about three weeks in going from one division 
to another. This took us right up to the firing line. They 
were supposed to have machine-shop trucks, but these in 
a good many cases did not amount to very much. Of 
course, back in the service where they had overhaul parks 
they were very well equipped with all kinds of machinery, 
almost any kind needed to rebuild or repair a truck; a 
whole engine or truck could be built in some of them. 


SPARE Parts anpD REPAIRS 


The problem of spare parts can be best realized if I 
make a summary. The expeditionary forces went all 
through Belgium, France, England, Spain and Italy, and 
bought every available truck they could find. We had in 
all at one time 214 different makes of vehicles. Many of 
these would not run until they were put into condition. 
For the trucks purchased in England they had difficulty 
in getting spare parts because the English needed all they 
could make. We had in many cases to go to our shops 
and make up parts for the English, French and Italian 
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trucks to keep them going. Bearings were burned out 
right and left, and we could not get any. Mr. Norton 
and I went down to the overhaul park in Paris and got a 
lot of babbit metal. This we made up in large bars, put 
it on a lathe and had men turn it out. In that way we 
got enough bearings for about 100 engines. I have seen 
the men go to a scrap-heap and take out a bar of stock, 
flatten it out and make a spring leaf. They did won- 
derful things. The service question became so severe 
at one time that at the overhauling parks the men were 
instructed to dismantle and disassemble whole cars and 
trucks of all kinds and types. In one instance 250 Ford 
cars were completely dismantled and the parts put into 
stock so that they could order a division out with some 
hope of keeping its cars in a mobile condition. 

Every division in France had a salvage dump into 
which went anything that an army uses—trucks, pas- 
senger cars, guns, rifles, haversacks and innumerable 
small things. All these supplies had to be moved back 
to the overhaul park and were practically all handled 
with trucks. 

Tue Discussion 


A MEMBER: I would like to ask Mr. Gloetzner if he 
does not think that the commercial truck will have to be 
standardized, and along such lines that the Army can 
make use of it? It would probably be impossible for com- 
merce to adopt the military truck, but as this is a peace 
nation the commercial truck might be standardized and 
the military authorities adopt it. The commercial truck 
we now have is not equal to the standard truck; then 
why not take our standard Army truck and make a 
commercial truck of it? 

MR. TILSON: The military truck should be such a truck 
as can be used commercially. If it is not, the commer- 
cial truck will predominate after all, and another war will 
find us just where this one found us, with a great num- 
ber of different commercial trucks and very few military 
trucks. 

MR. GLOETZNER: Why is it that the standard truck 
will never do for commercial use? 

W. T. NORTON, JR.: The fact is that the standard 
Army truck traveling in convoy several hundred miles 
across country has always outdone the Government com- 
mercial cars. The commercial truck has never been equal 
to the standard military truck and has a long way to go 
before it will equal it. 
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MAJor A. B. BROWNE: It seems to me that one very 
important point has been overlooked in discussing stand- 
ardization for Government use, and that is the cost. The 
demands for commercial trucks are for different classes, 
different purposes and different prices, while the Gov- 
ernment should demand a superior truck regardless of 
cost. I think the Government should adopt a standard- 
ized program for the Army, the best the American manu- 
facturer can give, which means the best in the world. 
The Army and all the departments of the Government 
should agree to use that standard. 

Mr. NORTON: We should have standardized perform- 
ance rather than standardized vehicles. In other words, 
a 3 or 5-ton truck should be able to give certain standard 
performance. This would result in more or less stand- 
ardization. If any commercial truck could meet stand- 
ard performance, it would be accepted in an emergency 
but individuality of design for commercial purposes 
would not be checked. All trucks should have a certain 
capacity performance. 

MR. GLOETZNER: Are the Government requirements so 
extreme, so exacting, that the cost of its standard trucks 
would be prohibitive in commercial practice? 

CAPTAIN VAILS: Mr. Norton’s remarks have covered 
very well what the Government ought to expect. It 
should be the number of tons delivered in operation day 
after day, not the cost, that counts. Of course the trucks 
should be uniform and the parts interchangeable. In 
that way the manufacturer could build two models, one 
to the Government standard and the other for commer- 
cial use. Anyone wanting a car that came up to these 
standards, and willing to pay the price, could get it. Per- 
formance requirements will almost fix the price of the 
truck and the number of parts that enter into it. 

Mr. GLOETZNER: I think there would still remain this 
difference: A half dozen different manufacturers may 
make trucks whose performance is equal or similar to 
that of the Government type, but if they did not produce 
interchangeable parts or units, in an emergency we would 
repeat the delays, the difficulties and the inefficiency of 
the war just ended. 

CAPTAIN PARKER: The main idea is to have four or 
five good trucks. What hurt America was that we did 
not have that many and had to buy whatever we could get. 

E. W. ROBERTS: What we are trying to get down to 
seems to be this: Can commerce follow for ordinary 








ONE OF THE TRUCK TRAINS PASSING THROUGH A FRENCH VILLAGE 


SHOWING THE Dust RAISED BY A SINGLE LINE OF VEHICLES 
peace purposes a standard that is established by the 
War Department? Can the S. A. E. formulate standards 
similar to those of the War Department, and is it likely 
that the manufacturers of commercial trucks would fol- 
low them? In other words, can we follow the plan of 
reducing repair parts to a minimum in our commercial 
service? Can we establish a crankshaft or a connecting- 
rod or have certain sizes of S. A. E. standard connecting- 
rods without difficulty? In short, would it pay conamer- 
cially to follow the standards set by the War Depart- 
ment? 

Mr. GLOETZNER: The plan would be something like 
this: Fourteen different vehicles should be standardized 
and built for the Government and used by the Govern- 
ment departments in peace time, wherever and whenever 
there is need of them. That necessarily will mean that 
somebody must build them and there will be thousands 
of them. 


MaJor A. L. MCMurtTRY: It seems to me that designs 
for the War Department and for commercial trucks 
should be entirely different. The War Department truck 
is built first for reliability. Cost per ton-mile and mile- 
age per gallon of gasoline do not enter into the problem. 
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It is built with the idea of traversing rough roads and 
“getting there”; of delivering the load regardless of miles 
per gallon and miles per set of tires. Commercial trucks 
giving satisfaction in this country had for some reason 
to be altered in the cooling system when they reached the 
other side. A standard commercial truck could be used 
in case of emergency but we change the standards from 
time to time. I think the better solution would be for 
the truck manufacturers to cooperate with the War De- 
partment to maintain a standard design and have the 
War Department furnish jigs and tools.so that the truck 
could be put into production in the shortest possible time. 
MR. GLOETZNER: That would limit every commercial 
vehicle in the field, as well as the standardized. 
CAPTAIN KENSETT: I understand the point that Major 
McMurtry is making to be that the Government design 
should be maintained by the War Department to meet its 
requirements and the Department should always have a 
number of sets of tools; that these should be maintained 
and changed as designs are changed, and kept up-to-date 
and ready in case of an emergency, so that they could 
be used in production at once. We could go a little fur- 
ther and build all Government trucks to the standard, 
as has been suggested, or purchase Government trucks 
in the main to this standard design. There would be 
enough business to interest manufacturers in peace times 
and they would produce some thousands each year, keep 
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the tools in shape, and be ready to get into production 
on such designs in very short order. As to the possibil- 
ity of using any such limited design in the commercial 
truck, I am in doubt. There are undoubtedly good trucks 
now in commercial work and the use to which a commer- 
cial truck is put is very different. Another thing that 
works against the manufacturers is that in standard- 
ization parts must be held down to a thousandth of an 
inch. The thing that makes one truck sell over another 
is its individuality. I think that no designer would be 
willing to sacrifice his individuality. 

MAJOR BROWNE: I want to say a word about stand- 
ardized parts. There are many parts in an engine and in 
the truck itself that could be made according to stand 
ards established by the S. A. E. and not by the manu- 
facturers. Individual plans or designs may differ in 
trucks but certain parts are made according to the ideas 
of some draftsman. Now, if the S. A. E. establishes 
standard bolts, eye-bolts and things of that kind for a 
car and keeps increasing the number of those little parts, 
we can help out repair matters, in our commercial truck 
as well as in the military truck. I believe that a great 
many parts could be established in Class B trucks and 
be used also in the commercial truck. In that way we 
would end by having a great many standards that while 
not limiting individuality would help our trade in ever) 
respect. 

Mr. BAKER: I am connected with the Motor Trans- 
port Service, which gets all the complaints that arise 
in the Army, and it so happens that we get a good many. 
I will say in favor of the Class B truck, however, that it 
shows up very well indeed in comparison with the com- 
mercial vehicles built for the Army. We keep a card 
record of all complaints of trouble in operation or trouble 
in design and construction. It would be an eye-opener 
for some of the commercial men if they could see these 
files. This question is really amenable to the law of supply 
and demand. There is a demand for all kinds and sorts 
of vehicle, at all prices, and for all services. The cost 
of hauling or cost per ton-mile is practically an engineer 
ing matter; it is not often a big factor, especially in 
low-priced trucks. The big item is more likely to be 
maintenance than gasoline. While the Class A and Class 
AA trucks are not in production, those which are being 
purchased in lieu of them are to all intents and purposes 
the same and show up pretty well in all cases when com- 
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pared with the other trucks which the Government was 
compelled to buy to keep going. The standardization 
question, as Mr. Norton has suggested, and standard per- 
formance are of course important. Another point em- 
phasized by other speakers is interchangeability of de- 
tail parts. That I believe is a line which should be fol- 
lowed in the development of the standard truck. There 
is no doubt that a truck suitable for the Army is also 
suitable for commercial use, and I think the standard 


RESEARCH IN PHYS 


HE National Research Council has been entrusted by 

the Rockefeller Foundation with the expenditure of an 
appropriation of $5C0,000 within a period of 5 yr. for pro- 
moting fundamental research in physics and chemistry, 
primarily in educational institutions of the United States. 

The fundamental feature of the plan is the initiation and 
maintenance of a system of research fellowships, which are 
to be awarded by the National Research Council to persons 
who have demonstrated a high order of ability in research, 
for the purpose of enabling them to conduct investigations 
at such educational institutions as make adequate provision 
for effective prosecution of research in physics or chemistry. 
The plan will include such supplementary features as may 
promote its broad purpose and increase its efficiency. 

Among the important results which are expected to follow 
from the execution of the plan may be mentioned: 

(1) Opening of a scientific career to a larger number of 
able investigators and their more thorough 
research, thus meeting an urgent need of our 
and industries. 

(2) Increase of 


training in 
universities 
knowledge relating to the fundamental 
principles of physics and chemistry upon which the progress 
of all the sciences and the development of industry depend. 
(3) Creation of more favorable conditions for 
in the educational institutions of this country. 
The plan will be administered by the Research Fellowship 
Board of the National Research Council. This board con- 
sists of six members appointed for terms of 5 yr., and of the 
chairmen ex-officio of the divisions of Physical Science and 
of Chemistry and Chemical Technology of the National 
Research Council. The members of the Board are: 
Henry A. Bumstead, professor of physics, Yale University. 
Simon Flexner, director of Rockefeller In- 
stitution for Medical Research. 
George E. Hale, director of Mount Wilson Observatory. 
Elmer P. Kohler, professor of chemistry, Harvard Uni- 
versity. 
Robert A 
Chicago. 
Arthur A. Noyes, director of the research laboratory of 
physical chemistry, Massachusetts Institute of Technology. 
Wilder D. Bancroft, professor of physical chemistry, Cor- 
nell University. 
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Millikan, professor of physics, University of 


Chairman of the 
Technology. 


Division of and 


Chemistry Chemical 

Chairman of the Division of Physical Science. 

Nationa] fellows will be: permitted to conduct 
their investigations at institutions that will cooperate in 
meeting their needs. These needs differ widely from those 
of students seeking instruction only. Able investigators, 
actively engaged in productive research, are needed to inspire 
and guide the work of the fellows. 
adequately manned with assistants and mechanicians, and 
amply supplied with instruments, machine tools and other 
facilities, are indispensable, and funds to provide supplies 
and to satisfy the constantly recurrent demands of research 
must be available. Above all, there must exist the stimulating 
atmosphere found only in institutions that 
together a group of men devoted to the 
science through pursuit of research. 
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cf performance and standardization of details as sug- 
gested by the S. A. E. should be carried further, perhaps 
to establishing standardization of groups of small parts. 
Where it is possible to do so, have interchangeable units 
rather than individual ideas or design. The ultimate 
outcome of this tendency toward standardization will be 
interchangeable units, even so far as they affect the 
engine rather than merely uniformity in small parts 
such as have already been covered by the S. A. E. 


ICS AND CHEMISTRY 


The Research Fellowship Board expects to make arrange- 
ments by which educational institutions will associate the 
research follows with their graduate departments and offer 
the most favorable conditions for the prosecution of their 
researches. 

The applicant will indicate one or more institutions at 
which, in his opinion, his research work can be conducted 
to the best advantage. 

The appointments of the fellows will be made only after 
careful consideration of the scientific attainments of all 
candidates, not only of those who apply on their own initia- 
tive, but also of those who are brought to the attention of the 
board by professors in educational institutions and by other 
investigators throughout the country. In making the ap- 
pointments much weight will be given also to the judgment 
shown by the applicant in selecting and planning his pro- 
posed research. 


The fellowships will for the most part be awarded to 


American citizens who have had training equivalent to that 
represented by the doctor’s degree. The salary will ordinarily 
be $1,500 for the first year. The Research Fellowship Board 
will not, however, be bound by rigid rules of procedure. 
Thus it may offer larger salaries to those of exceptional 
attainment or wider experience and may give appointments 
to competent investigators who have had training other 
than that represented by the doctor’s degree. 

Fellows will be appointed for 1 yr.; but they will be eligible 
for reappointments, ordinarily with increase of salary. 

Research fellows are expected to devote their entire time 
to research, except that during the college year they may 
at their option give not more than one-fifth of their time, 
outside preparation included, to teaching of educational 
value to themselves or to attendance on advanced courses of 
study. They may associate graduate students with their 
researches. They shall not engage in work for remuneration 
during the term of their appointment. Fellows who have 
not received the doctor’s degree may, with the approval of 
the institution, offer their research work in partial fulfill- 
ment of the requirements for that degree. 

Fellows are expected to submit to the board shortly before 
the first of April of each year a detailed report on the 
progress of their researches. They must also present an 
account of their researches in form for publication before 
withdrawing from the fellowship, and final salary payments 
will be deferred until this condition is fulfilled. It is under- 
stood that all results of investigation by the fellows shal] be 
made available to the public without restriction. 

Fellowship appointments are subject to the condition that 
after they are accepted by the applicant, they will not be 
vacated within the year without consent of the Research Fel- 
lowship Board. 

It is expected that fifteen to twenty research fellowships 
will be available during the coming year, and that the number 
will be increased in subsequent years. Applications for these 
fellowships should be made on the form provided for the pur- 
pose, and should be sent to the Secretary of the Research 
Fellowship Board, National Research Council, 1023 Sixteenth 
Street, Washington, D. C., to whom all other correspondence 
should also be addressed. Applications will be received up to 
Sept. 1, 1919, fer fellowships available during the next 
academic year.—Harvard Alumni Bulletin 
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Correct Location of Brake Levers 


By Water C. Baker! (Member) 


CLEVELAND SECTION PAPER 


RAKES hitherto entirely satisfactory have caused 
trouble as manufacturers have altered their de- 
signs from, say, one using a torque member to the 

Hotchkiss drive, or when the spring has been moved from 
a position above the axle to one below it. The trouble is 
usually attributed to the brakes and it seems necessary to 
devise some means of demonstrating that the difficulty is 
not with the brakes themselves but with the manner 





A CASE WHERE THE FRONT BRAKE-ROD CENTER AN rie S 
Axis Do Nor CoIncipt 


in which they are hitched up. In the discussion which 
follows I shall attempt to show what generally causes 
the trouble in braking action and that this may be reme- 
died by simply changing the rods and their locations. 
It is believed that an analysis of braking action will be 
of great interest to engineers connected with the design 
and production of automobiles. 

In the design of motor vehicles, both of the passen- 
ger and commercial type, employing what is known as 
the Hotchkiss drive, engineers have in many cases either 
failed to consider rods and levers and braking action or 
have considered these insufficiently or incorrectly. The 
result has been that in a great many cases the brakes 
have been either inadequate or too severe. Almost uni- 
versally is it true that while at some one point and in one 
direction the brakes operate perfectly, at most other points 
or in the opposite direction the braking action is poor. 


BrakE-Rop GAGE 


Many annoying features characterize the brake that is 
incorrectly hitched up, in addition to the danger that al- 
ways exists while driving. In all cases redesigning the 
brake-rods and levers correctly will eliminate these dis- 
agreeable features, and to enable one to locate these cen- 
ters correctly, I have designed and had constructed a 
brake-rod gage. 

It is not commonly known that somewhere in or around 
the rear axle, there exists a transverse axis about which 
all torque action of this axle takes place. When a torque 
member is used, this axis is usually forced to coincide 
with the center of the rear wheels and axle. When no 
torque member is used, as is the case with the Hotchkiss 
drive, the torque axis lies outside the axis of the rear 
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[llustrated with DRAWINGS 


wheels, and for ideal action of the brakes the rear brake- 
rod center should lie on this transverse torque axis, while 
the front brake-rod center should be placed at a point 
which most closely approximates the center of the curve 
through which this torque axis moves relative to the 
frame when, due to load and road conditions, the car is in 
various positions above the axle. 

To locate these points correctly by graphical means or 
calculation with the information we have at present is an 
impossible task. They are more nearly located by tests 
on the car while in action, and to insure correct results a 
brake-rod gage of some sort should be used. The gage I 
have been using consists of several interchangeable rods 
of various lengths, graduated every inch and operating 
through a dial gage which indicates any lengthening or 
shortening of the rods, when placed by convenient attach- 
ments in the position of the brake-rods themselves. 


How THE Gace Is Usep 


The cause and effect of the elongation or shortening of 
the rods is explained in the discussion which follows. 

Let us denote the torque axis by T. This is the axis 
«bout which all torque action takes place while it in itself 
remains stationary with reference to the rear axle. It 
is clear, then, that if the rear brake-rod center were fixed 
on this axis, then so far as torque is concerned there would 
be practically no action on the brakes themselves due to 
the fact that the point of application of braking force 
is nearly stationary. 

Let us assume, however, that the rear brake-rod center 
is not correctly placed, and that it lies outside the torque 
uxis On some axis such as R. Then there must be some 
movement of R about T when torque action takes place. 

Suppose we are looking from the left side with the car 
traveling forward; the rear brake-rod center R will move 
in a counterclockwise direction when the brakes are ap- 
plied. If the rear brake-rod center R happens to be above 
the torque axis 7, such motion will tend to shorten the dis- 
tance between FR and the front brake-rod center O. If the 
rear center R is below the torque axis 7, the distance 
between F and front rod center O will tend to be greater. 
But since R and O are rigidly connected by a rod, O is 
forced to move with R, and consequently moves forward 
or backward, depending on the relative position of the 
rear rod center R with reference to the torque axis T. 
Of course whatever tendency to shorten or lengthen the 
pull rod there may be when the car travels forward is 
reversed when the car travels backward and brakes are 
applied. 

With the brake-rod moving forward and backward like 
this, one of two things must take place. Either there is 
a corresponding movement of the brake pedal and hand 
lever, multiplied by the leverage ratio, or the brake levers 
of the rear axle are being operated upon independently 
of any voluntary action of the driver. Very often in cases 
of extreme movement of the rod, motion of the car in one 
direction automatically applies the brakes, or at least 
makes them grab severely, whereas, motion in the re- 
verse direction makes it almost impossible to apply the 
brakes, due to the pedal in its extremes being in contact 
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with the floor board, thus limiting the radius of action. 

When the rear brake-rod center FR lies either in front 
of or behind the torque axis T on a line from the front 
rod center O to T, the action due to torque is usually very 
good, because what motion there may be is chiefly up and 
down which does not materially change the distance 
between the rear and front brake-rod centers. This 
motion would of course increase as the distance of the 
rear center R from the torque axis increased and when 
this became very great the change in the distance between 
R and the front center O would be considerable. 

It is clear, then, that the only point at which there 
would be practically no motion of the rear center is at 
the torque axis 7, and a point on this axis is the ideal 
location of the rear brake-rod center R. 

To locate the torque axis 7, let us employ the brake-rod 
gage, mounted either vertically or horizontally, the latter 
being the one shown. After the gage is mounted a torque 
effort is exerted on the axle by some means. In this 
case, to show the action clearly, I have attached a rod to 
what would correspond to the axle housing and by dis- 
placing this rod, a torque effort is exerted sufficient for 
our purpose. 

With the front center O of the gage rod fixed, any 
movement on the part of the rear center, will be shown on 
the dial indicator, until adjustments are made which 
will place this point so that extreme movements in torque 
will have the same indicator readings. Having done this 
with the gage horizontal, it is then placed in a vertical 
position with the rear center still at the point just found. 
The locating process is then repeated. In the first case 
the rear brake-rod center was confined to a horizontal 
plane containing the torque axis T, and in the second case, 
while not moving out of this horizontal plane, it is 
further confined to a vertical plane containing T. The 
rear center is thus forced to lie at the intersection of 
these two planes, or on the torque axis T. 

We have then determined the best position for the rear 
brake-rod center. Very often it is not possible to actu- 
ally reach this point, due to the position of other parts. 
When this is the case, the next best thing is to place it as 
near the actual torque center us possible and in line with 
the torque center and the correct position for the front 
brake-rod center 0, with normal load on the springs. To 
do this the spring axis S must first be located, before 
which we must consider the action of the springs. 


Errect oF Loap AND Roap CONDITIONS 


When the car assumes various positions above the axle 
due to load and road conditions, it deflects or flattens the 
springs, as the case may be, and as they deflect or flatten 
the distance from the front eye to the spring seat short- 
ens or lengthens respectively. Since the axis of the front 
spring eye is held rigidly in position as regards the frame, 
the axle and all points on the axle member describe curves 
relative to the frame when successive positions are as- 
sumed on the frame above the axle. This curve that any 
one point describes is not an arc of a circle because of the 
lengthening effect of the spring as it flattens. The curve 
is one which resembles an epicycloid. 

With the rear center of the brake-rod R on the 
torque axis 7, it is ideal for the front end to be at the 
center of a circle which most nearly approximates the 
curve described by T. This will maintain a very nearly 
uniform distance between the torque axis T and the front 
center O, and there will be practically no effort exerted to 
move the pedal or operate the brakes, independent of vol- 
untary action of the driver. 


If, however, the front brake-rod center O does not lie 
con the spring axis S, we have a condition similar to that 
shown. Let us assume that under normal load the condi- 
tion is as at T. With the front center at O instead of S, 
the front center O will be forced to move in a circle about 
the countershaft, a distance equal to the difference, at any 
given position between the are described by the torque 
axis and the circular are described by the rear center 
about the front rod center O as a center. If O is above the 
spring axis or too high, a heavy load will have a tendency 
to loosen the brakes, making it impossible for the opera- 
tor to apply the brakes, if the front center is very high. 
Or, often, when it is possible to set the brakes with the 
load on, they will be so firmly set that it will be impos- 
sible to release them when the load is removed. This 
can easily be seen from the drawing. Under full load, 
the difference between the curves is such as to throw 
the front rod center forward, while at the check position 
in rebound the difference is such as to pull it back. When 
the front center is too low, as in this case, the effects are 
just the opposite. When a load is applied the brakes be- 
come set and when it is removed they are loosened. 
Often, in such a construction, when the brakes are set and 
: load is put on it becomes impossible to release the brakes 
without removing the load; or when it is possible to set 
the brakes after the load is on, the brakes are loose when 
the load is removed. 


ERROR Propucep BY INcOoRRECT Rop LENGTH 


Further than this, there is an error due simply to in- 
correct length of rod. If the front rod center O is behind 
the spring axis S, as shown, thus making the rod too short, 
the application of a full load has a tendency to tighten 
the brakes, because the difference between the curves at 
the extreme is such that the rear center is pulled for- 
ward. When the front rod center is in front of the 
spring axis S, thus making the rod too long, the tendency 
is to loosen the brakes, because the difference between 
the curves in this case is such as to push the rear center 
back. 

There would, of course, usually be no real action upon 
the brakes as long as the pedal movement was unre- 
stricted, because such errors would first be absorbed by 
the pedal movement until the full sweep of the pedal had 





TYPICAL CASE OF THE BRAKE-Rop BEING EITHER Too SHORT 


OR 
Too LONG DUE TO THE INCORRECT LOCATION OF 


THE FRONT CENTER 


been reached. Designers have many times used a slotted 
rod or clevis to overcome this, but this movement is often 
so great as to be objectionable, as well as a feature of 
reduced safety when quick and positive action of the 
brakes is required. However, the effect is much less when 
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a rod is simply too short or too long, than when O is too 
high or too low. 

Now to locate the correct position of the front brake- 
rod center O, with the gage, we proceed as follows: 

Assuming that the correct position of the rear brake- 
rod center 7 has been determined, we fix it firmly by the 
necessary attachments. We then apply the load, making 
the frame assume various positions above the axle, or 
for an easier demonstration, making the axle assume 
various positions under the frame. The curve described 
by the torque axis T not being an are of a circle, there 
are only three points which will be common to the arc 
through 7 at normal load about the spring axis S as a 
center. In other words, there are only three positions 
of the car above the axle where the brake action will be 
perfect, although if the front center O be placed at the 
spring axis S, the error at all other points will be re- 
duced to a minimum, usually not exceeding a few thou- 
sandths of an inch, and will not be noticeable in action. 
Fur best results these points of perfect action should be 
chosen, first at normal load and secondly, at points about 
three-fourths of the total movement of the spring either 
way from normal. In other words, the two points should 
be located when the load is three-fourths the difference 
between normal and full-load extreme position and three- 
fourths the difference between normal and no-load ex- 
treme position, respectively. 

As the load is applied readings are taken on the dial 
indicator at the three points just mentioned, and are re- 
corded in hundredths of an inch. When the three points 
have been reached, the records taken will indicate the rela- 
tive position of the spring center S from the front brake- 
rod center O. For instance, suppose the front brake-rod 
center, O is too high, O moves in an arc about the counter- 
shaft C. The rear brake-rod center R tends to move in an 
arc about the front center O, but it actually moves along 
the curve described by the torque axis 7, relative to the 
frame. Since under full load the difference between these 
curves is such as to push the rod forward and since in 
the gage the front brake-rod center is held stationary 
and the rod merely allowed to telescope, the change that 
takes place will be indicated by the dial gage readings. 
Under full load the rod will shorten and under no load 
or at check position it will lengthen. 

Suppose that at normal load the reading on the dial is 
0.52 in. and at full load it has increased to 0.71 in. and 
finally at no load or check position, due to the rod length- 
ening, it has decreased to 0.36 in. Since the check posi- 
tion reading 0.36 in. is less than the full load reading 
0.71 in. it indicates that the difference between the curves 
at check position was such as to pull the rod backward 
and consequently shows that the front brake-rod center 
is too high. Therefore, when the check position reading 
is less than the full-load reading the front brake-rod cen- 
ter is too high, and if the full-load reading is less than the 
eheck position reading, the front brake-rod center is too 
low. If the front brake-rod center O, is at the correct 
height the two readings will be the same, although both 
may be wrong for correct rod length. 


If the front brake-rod center O were on a circular arc 
described about the torque center 7, and also passing 
through the spring center S, the rod would be of the cor- 
rect length, regardless of the distance of the front center 
above or below the spring center, because its length would 
always be equal to the distance between the torque center 
and spring center, which is always correct for rod length. 
In this case an are about the front brake-rod center O, 
which passed through the torque center T under normal 


load, would reach just as far beyond the curve described 
by T at one extreme as it would fall short of it at the 
other. In that case the dial readings would show that the 
differences between each of the extreme rod lengths and 
the length at normal load, were the same; as for instance, 
full load 0.67 in., normal 0.50 in. and check position 0.3% 
in. The differences between each of the extreme posi- 
tion readings and the normal reading ure the same, or the 
sum of the extremes is equal to twice the normal. The 
latter method of handling the readings is the correct one, 
because if the rod were too short or too long but at the 
correct height, the difference between the extreme read- 
ings and normal reading might be the same in number of 
spaces passed over, but one would be a positive difference 
and the other a negative. This can readily be detected by 
simply adding the extremes and comparing the sum with 
twice the normal. If the sum of the extremes exceeds 
twice the normal the rod is too long; if it be less, the rod 
is too short. Thus with a single set of readings we may 
determine our error in two directions, which enables us 
to make adjustments in two directions accordingly, after 
which we take a second set of readings. 

After the gage has been used several times it becomes 
an easy matter to approximate the correct amount of ad- 
justment needed. Usually a sufficiently correct location 
of the front brake-rod center can be accomplished in two 
or three readings. 

When the gage was first constructed a set of formulas 
was worked out which gave the correct amounts of ad- 
justment necessary to place the front rod center at the 
correct position. But these formulas were rather com- 
plex and employed constants depending on the nature of 
the spring, and their solution usually required consider- 
able time. After several comparative trials, it was dis- 
covered that an adjustment of the apparatus usually re- 
quired less time and was more apt to be free from errors 
than the solution of the formulas. Consequently the 
formulas have been discarded in favor of simple adjust- 
ments of the apparatus, and to facilitate matters further, 
easy means of adjustment have been provided on the 
gage. It is not a difficult matter to have practically per- 
fect acting brakes. When these centers are correctly 
located for any of the various styles or designs of chas- 
sis, there will be no further trouble with brakes due to 
spring action on rough roads or to varying loads and 
Hotchkiss drive. 


Ture Discussion 


MR. BAKER:—A common error is to make a hitch-up 
and have the levers located with the springs above the 
axle, and then use the same arrangement of levers by 
putting the springs below the axle. There is trouble at 
once. The levers must go down with the spring and on 
most construction it is hard to get the brakeshaft on the 
rear axle and not interfere with the springs or the frame. 
If we put the springs below this center, the torque center 
must go down and follow the springs below the axle, and 
the levers must go down with it. That means that the 
front center which should be at the spring axis will go 
down at the same time. There is one correct position 
only on an axle for that rear center and this is at the 
torque axis, and one correct center only for the front 
and this is at the spring axis. Anything else is an error 
and these errors are directly proportional to the distance 
of removal from the centers. I have had men insist that 
this could not be true, and have made a hitch-up to show 
that it was. You can find no other two centers that will be 
right for that hitch-up. As soon as you move it in any 
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direction you have an error from the torque or spring 
action. 

With a torque rod you can compromise the torque 
movement with the spring movement because usually the 
torque rod makes a fixed torque action with the spring 
action, z.e. if you lower the: frame on its springs 2 in. the 
front end of the torque rod goes down and rises and falls 
with the spring. 

[ could go out and measure 80 out of 100 cars and 
find them below these requirements. I do not know of 
any part of an automobile that has had less study. I 
never get into an automobile before I have settled in my 
mind approximately where these levers are. I can apply 
a brake with the car standing and find out what effort is 
necessary by pressing the pedal half way to the floor and 
tell if the lever is high or low. If the lever is too low and 
I put on this same pressure the pedal will come back 
against me. It is advisable to put the lever a trifle be- 
low the torque axis. If you put it above just the reverse 
takes place; you apply your brake and put considerable 
torque into the axle and the pedal goes against the floor, 
indicating at once that you have not located the torque 
center and are too far above it. 

I measured up the Class B Government truck, putting 
sufficient weight on the chassis to give our extreme spring 
movement and attaching a hoist so as to get our three 
positions; doing the same thing with a truck that I have 
done here. 

A MEMBER:—I am surprised to hear you say that the 
torque axis should be a little below rather than above. 
[ remember one case where it was placed tov low, and 
when the brakes were applied the car jumped along. 

Mr. BAKER:—There are some brakes that are almost 
hoists. In applying brakes, if you place the rear center 
a trifle below the torque axis you assist the braking when 
going ahead, but you take away when going backward. 

W. R. STRICKLAND:—Two years and a half ago, with 
Mr. Baker’s assistance, we found that by locating the 
centers in accordance with his formula we could go for- 
ward or backward without any grabbing. 

Mr. BAKER:—I have found it absolutely necessary to 
make up a brake-rod gage to demonstrate these points. 
When the Hotchkiss drive was first used it seemed al 
mest impossible to convince anyone that the same brakes 
were just as good as before. With the springs placed 
below the axle in these cars to get close to the ground the 
trouble began, and in many cases it was found impossible 
to keep the spring there and the old construction was 
resumed. There was trouble because the centers also 
were not placed below the axle. Find the axis and get 
the lever centers at the points I have described and you 
can get a perfect working brake under all conditions. 

A MEMBER:—How does the Franklin get away with a 
flexible frame? 

Mr. BAKER:—The car has a lot of travel in the foot 
pedal and hand lever and the motion of these is parallel 
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with it. They use a long connecting-rod instead of a 
radius rod, and when they apply the brake going ahead 
the tendency is for the rear axle to move backward. That 
tends to tighten the brake. 

A MEMBER:—What action do you get in torque tube 
construction such as the Fiat? 

Mr. BAKER:—If the spring pads are free the torque 
axis comes practically at the center of the wheel; then 
the length of the rod is equal to the radius rod distance 
from the front universal-joint back to the center of the 
axle. Any error directly ahead of this torque axis is 
very small and has little effect on the length of the rod. 
Hence it is much better to have a rod that is too long or 
too short, or the rear center ahead or back, than up and 
down. The spring action is the serious error., With 
the work I have been doing on quite a number of cars, 
it is comparatively easy to approximate a fairly good 
hitch-up. I can size up a chassis and analyze it because I 
have measured the different types and know about where 
they belong. If you will watch this point you will find 
that a number of Hotchkiss drives are in use on which 
little attention has been given to correct adjust- 
ment of the rear center to the torque axis. When the 
spring is below, the torque center moves correspondingly 
the same with the spring as when it is above. 

A MEMBER:—Do you not think that the bad hitch-ups 
on the chassis are due to the axle manufacturers? 

Mr. BAKER:—When the Hotchkiss drive first came in 
[ wanted to change the location of the brake axle. All 
axle makers said, “That is our stock axle and thousands 
of people are using it.” I think the automobile manufac- 
turer will have to standardize his product. There is no 
possibility of building up a standard axle. At least, I 
cdo not know of any way to do it. 

I found it necessary to make a gage to prove that it 
was the position of these levers that caused the trouble. 
Anybody could take a device of that kind and show by 
figures just what is taking place. In one case I drove the 
car of an agent who told me he had had a lot of trouble 
with brakes. It seemed to let go terribly in putting the 
brake on. It had a long movement and was set up very 
close. I put the brake on in trying to stop and went 
against the floor boards. I then tried it going backward 
and broke the rod. I then told him the trouble was caused 
by the centers being too high. 

A MEMBER:—At the automobile shows as many cars 
with springs under the axles have the brake levers stick- 
ing up as below. 

Mr. BAKER:—lIt takes considerable redesigning to 
move all the countershafts underneath a car and change 
the length of the lever. A manufacturer of automobiles 
vrefers to say, “You fix your rear axle so that it will 
hitch up with our arrangement of levers.” He arranges 
it so that although the spring is belew, it hitches up with 
the same original setting, and that is where the trouble 
lies. It cannot be done successfully. 
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Carbureter 


By Epwarp A. Huene! ( Non-Member) 


Mip-West Section Parer 


DISCUSSION of the direct, self-feeding carbu- 

reter, by which is meant one that supplies itself 

with fuel oil from a main fuel tank below its own 
level without the aid of a separate vacuum or pressure 
system, will of necessity lead into an almost virgin field, 
reversing all former carbureter practice. In order that 
the complete distinction between the present type and 
this new self-feeding type may stand out clearly the ele- 
mentary functioning of the present type will first be 
noted. 

The present type of simple plain-tube carbureter con- 
sists of a body, a constant-level float-chamber and float 
mechanism, a fuel nozzle located in some central part of 
the body called the mixing chamber and a throttle-valve, 
usually of the butterfly type, placed between the engine 
to which the carbureter is attached and the fuel nozzle, 
which from necessity is at least a distance of one-half 
the throttle diameter behind it. This fuel nozzle is fed 
through a channel from the float-chamber, the oil level in 
which must be maintained as near the fuel nozzle tip as 
possible, for reasons which will soon appear. 

The action of such a carbureter is as follows: By 
reason of the pumping of the engine on its suction 
strokes, there is a flow of air under atmospheric pressure 
through the carbureter and consequently around the fuel 
nozzle, to fill the depression or partial vacuum which ex- 
ists at this period throughout the cylinders, manifold 
and carbureter. 

With a wide open throttle this partial vacuum does not 
vary at all at positions just ahead of or just behind it 
and will not fall below 0.6 lb. in a carbureter of ample 
size designed for the highest possible engine speed and 
power, while in average practice on a motor car it seldom 
falls below 2 lb., a compromise made necessary by reason 
of load pick-up and economy requirements. This condi- 
tion is recognized by carbureter manufacturers who 
change specifications between a dynamometer and a road 
test. 

With a nearly closed throttle on an engine in good con- 
dition as to pistons and valves, the vacuum on the engine 
side of the throttle reaches as high as 9 lb. and averages 
over 7 lb. at a car speed of 25 miles per hr. Meanwhile 
the vacuum at the fuel nozz.2 tip at idling speed, which 
represents the throttle position first above mentioned, is 
too small to register on the vacuum gage, rarely exceeds 
2 oz. at a car speed of 25 miles per hr. and only builds up 
to its maximum of say 2 lb. at full-throttle opening. 

In consequence, it is surprising that at ordinary car 
speeds conventional types of carbureter produce as reli- 
able a fuel mixture as they do. I believe the best ex- 
planation of what actually takes place is that made lately 
by Leigh M. Griffith, technical expert of the National 
Advisory Committee for Aeronautics, in which he said: 
“The atomizing function is largely carried out at the 
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throttle and by the pressure difference existing there, 
rather than at the jets themselves. The jets ordinarily 
perform merely the function of metering.” 

When it is remembered that the area of opening at the 
throttle position, representing say 25 miles per hr., is as 
1 to about 8 compared with the area of the mixing cham- 
ber at the fuel nozzle tip, and that in consequence the 
speed and aspirating effect of the incoming air at the 
nozzle is one-eighth that at the partial throttle opening, 
it is little wonder that there is not sufficient pulverization 
of the liquid fuel at the nozzle to warrant its all being 
carried over on the slow-moving air current to the throt- 
tle where further vaporization can be effected. A direct 
result of this condition is the poor fuel ec.ii.my at slow 
and medium car speeds and the pronencs: to load with 
unvaporized fuel upon sudden acceleration after slow 
speed work. It will readily be seen that under no prac- 
tical conditions can this type of carbureter be adapted 
to self-feeding directly from a low level tank. 

In my judgment the successful carbureter of the self- 
feeding type will have an anterior, instead of the here- 
tofore used posterior, throttle, and it is such an instru- 
ment that I shall describe. In this carbureter the throttle 
is transferred from the engine side to the air-inlet side 
of the fuel nozzle, where it becomes both throttle and 
inlet-air regulating valve. This at once places the fuel 
nozzle in the full manifold vacuum heretofore noted with 
a range of from 9 lb. downward to never less than the 
maximum of the 2 lb. to which at full throttle the old 
type builds up. This, then, first of all, insures a proper 
lifting of the liquid fuel from a low level, since, disre- 
garding friction in the piping, for every pound of vacuum 
at the fuel nozzle tip a lift of approximately 3 ft. is as- 
sured. 

No float is used or required in this carbureter, as it 
is not necessary to hold the liquid fuel close to the fuel 
nozzle tip. This is true even in the racing type where 
with full throttle the depression in the mixing chamber 
falls as low as 0.6 lb. provided the natural manifold 
vacuum is augmented by a proper use of injector air-jets 
so arranged as to raise the vacuum at the fuel nozzle tip 
further. In the carbureter under description this action 
is accomplished to best advantage by a central duct 
through the hollow fuel-metering valve ending in a down 
stream pitot nozzle which closely surrounds the fuel noz- 
zle tip. 


DETAILS OF CONSTRUCTION 


As will be noted in the drawing, the throttle is of the 
barrel type riding upon the threaded needle sleeve a 
which is an extension backward of the fuel nozzle b. Ex- 
tending within this needle sleeve down to its seat at the 
nozzle tip is the hollow fuel-metering valve c. This valve 
is concentrically mounted through and adjustably fixed 
to the throttle d, which turns on the needle sleeve. The 
rotation of throttle to the left withdraws the fuel-meter 
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ing valve from its seat and its rotation to the right tends 
to close it. This is accomplished through the thread on 
needle sleeve and throttle. 

Two ports are cut in the throttle as shown and register 
with corresponding ones cut in the wall of carbureter 
surrounding the throttle. It should be noted here that 
the drawing used does not fully represent the finished 
product, especially as to the shape of the contracted por- 
tion, or venturi, around the fuel nozzle, and as to the 
shape of the ports. Concerning the first it may be said 
that the size and contour of the venturi do not necessarily 
differ in this new type from standard practice in the con- 
ventional carbureter. As the throttle inlet-air ports are 
‘“‘hand-tailored” in the first instance to fit the given en- 
gine, their contour will necessarily differ for various 
engine models, the only indispensable condition being 
that they open in a decreasing ratio when the fuel-meter- 
ing valve opens in a constant ratio, as it does in this case. 

This means that the opening of the throttle inlet-air 
ports begins at the point of greatest instead of at the 
point of smallest width, as would be the case in a purely 
mechanical carbureter of the present type where the fuel 
metering is in a similar constant ratio. Reduced to a 
more lucid statement, this means that if the area of 
throttle inlet-air port opening be represented by 1 when 
the throttle is opened by a rotation of 10 deg., it will 
be represented by something less than 2 when rotated 
20 deg. 

Thus the proper mixture proportions are maintained in 
spite of the tendency to a sudden drop from the hig) 
vacuum incident to a closed or nearly closed throttle, 
upon any sudden opening of throttle. In actual practice 
the contour of these ports is represented by a graphic 
curve rising slowly at first from the horizontal base line, 
but thereafter bending sharply upward until it ends 
nearly or quite vertical. This action, with its sharp vari- 
ations coming within the comparatively narrow high 
vacuum range of throttle-inlet opening, cannot be accom- 
plished with any degree of success by a variable metering 
of the fuel oil only. It is one thing to produce accurate 
yet wide variations with a cubic foot of passing air, but 
quite another to do likewise on a pennyweight of passing 
liquid fuel, which comparison approximates the relative 
quantity ratio of a 14 to 1 mixture. 

Returning for a moment to the structural design of 
this instrument, there is a sediment trap at the bottom, 
the fuel oil entering at e. This trap once filled, the fuel 
oil passes up the channel f to the annular space around 
the metering valve near its seat where it is aspirated 
by the engine suction and the injector action of the nebul- 
izing air-jets through the hollow metering valve and the 
auxiliary duct previously described. In practice the 
upper part of this sediment trap is made spherical and 
permits a quantity of the contents to submerge the en- 
trance to the nozzle channel, where it is always available 
for quick starting. 

In the design of this new carbureter the primary ob- 
ject was to eliminate the necessity of a separate feeding 
system and still retain the low-level main fuel tank which, 
on account of its use in more than 85 per cent of all pas- 
senger cars, must be deemed the survival of the fittest. 
That it could accomplish this and at the same time reduce 
the total assembly parts found in the carbureter vacuum- 
tank outfit from some 150, and the total of some fifteen 
moving parts to one, including the elimination of two 
always troublesome floats and certain springs, was es- 
pecially fortunate. That a decided saving in fuel oil 
would result was a foregone conclusion. 

In practice this was quite clearly shown in the first 


anterior throttle carbureter built by me in 1908. In fact, 
that carbureter was designed solely with a view to im- 
proving economy by the use of high-vacuum conditions 
and high-pressure nebulizing jets similar to those em- 
ployed in the present instrument. It may be said that 
at that earlier date the self-feeding feature was entirely 
overlooked. 

In the design of the present carbureter the fixed air 
for idling is provided through the hollow metering-valve 
duct g and the auxiliary air duct h. The total air which 
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can pass through these two ducts is in excess of the de- 
mand for proper engine idling, while the total air which 
can pass through either duct alone is insufficient; there- 
fore a regulating screw upon the auxiliary duct produces 
the desired engine idling speed. By a refinement not 
shown, whereby a small separate needle-valve is threaded 
through an adjusting screw and seated at a suitable 
orifice in the needle sleeve a at the bottom of the air duct 
h, a still more perfectly balanced idling mixture can be 
had, while a wire control at dash to this needle serves 
as a quick-start primer without a separate choke-valve 
on the inlet air, the regular throttle serving this purpose 
when left closed. 

In this new type no special provision has been found 
necessary to promote quick acceleration under load con- 
ditions. However, because the throttle inlet-air ports 
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overrun the complete closing point a predetermined dis- 
tance, there is a certain degree of mixture enrichment 
while the throttle rotates from this fixed stop to the port 
opening point, for during this period, while no addi- 
tional inlet air is being furnished, the fuel oil metering 
valve is opening. On account of the high-vacuum condi- 
tion and the corresponding high-pressure nebulizing air- 
jets before described, a true nebulizing effect at the fuel 
nozzle takes place, so that a momentarily super-rich but 
homogeneous mixture is available for quick and uniform 
dilution by the main inlet air at the moment of throttle 
port opening. 

In the posterior type of carbureter there is a well- 
known lag in the fuel oil curve as compared with the 
air curve. Krebs attributed this lag to the difference in 
level between the constant level in the float-chamber and 
the necessarily higher level of the fuel nozzle tip. Other 
engineers have attributed it to the inertia difference 
between a column of liquid and one of air; in other words, 
the air is more nimble than the oil and consequently gets 
a quicker start. 

In the anterior throttle carbureter we do not change 
the inlet air conditions as to pressure and flow, but we do 
change them very decidedly as to the liquid fuel, for at 
small throttle positions where we have available but 
fractions of an ounce in the old we have some 7 to 9 
lb. in the new; where the old finds great difficulty in 
overcoming a liquid pressure head of 1/16 in., the new 
will promptly lift the fuel oil more than 20 ft. Nor does 
this advantage materially diminish throughout the normal 
range of motor car speed. 

It is not surprising, then, to find that the anterior 
throttle carbureter responds very promptly to its throttle 
without the aid of auxiliary air-valves, accelerator wells 
or other devices, such as are indispensable with the older 
type. It may be remarked here that considerable im- 
provement in idling has been achieved in some plain-tube 
carbureters of the older type by using a fuel-air bleeder 
to the mixing chamber wall or near the point where the 
throttle touches when closed. 

At present carburetion engineers are well agreed that 
little if any mixture enrichment for quick acceleration is 
needed over that found most desirable at constant speeds, 
and when provision is made for adding an excess of 
fuel during acceleration it is largely, if not entirely, to 
compensate for that portion of the normal supply which, 
because of poor pulverization at the nozzle, is bound to 
pass over in an unvaporized state or drop out of the 
entraining air into the first pocket it reaches. This 
trouble has become increasingly acute with the use of 
the poorer grades of gasoline now available until it is 
now a question not only of carburetion but of lubrication. 

Another difference in the action of the new type as 
compared with the old is the matter of proper size for 
a given engine. As long as the anterior throttle car- 
bureter is not too small, it may be considerably larger 
than indicated without the troubles incident to this com- 
bination in the old type. It simply means in this case 
that for the best results on a slow full-power pull you do 
not quite fully open the throttle. This is possible, because 
the throttle inlet-air ports are always cut to give a theo- 
retically perfect mixture at every opening. To the man 
who wishes high speed without sacrifice at other times 
this is desirable. 


In practical use I may say that after more than 3 yr. 
of every kind of going on a variety of cars which prac- 
tically covers all designs, the new carbureter has shown 
no weakness in its self-feeding feature either under the 
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same conditions found with the use of a separate vacuum 
tank, or far more exacting ones, such as climbing long 
and continuous mountain grades at road speeds as high 
as 70 miles per hr. above which it has never been tried. 
A test on a 125-hp. aviation engine with the carbureter 
lifting its fuel 32 in. indicates that there are no limita- 
tions in this respect as compared with standard practice. 

In the matter of fuel economy the writer has not 
found or claimed such a decided superiority at wide- 
open throttle conditions as at smaller throttle openings. 
When compared with the older type with car speeds of 
10 to 40 miles per hr. its superiority is marked by an 
average improvement of 25 per cent. This was to be 
expected, since it is at the smaller throttle openings cor- 
responding to these speeds that the vacuum is high and 
the corresponding nebulization very complete. A decided 
advantage is that this economy gain holds down to a car 
speed as low as 12 miles per hr. 

It is not my intention at this time to go very deeply 
into the superiority of this new type for handling low- 
grade oils. The principle involved and its action with 
gasoline indicate that it must prove decidedly superior 
for this purpose, and in practice I have been able to use 
1l-cent California distillate of about 48 gravity with 
entire success, starting on it and operating on it through 
traffic as readily as with gasoline of 52 gravity. Nor 
did acceleration or plug and engine conditions as to car- 
bon suffer at all, while the economy remained unchanged. 
With a warm engine no difficulty was experienced in 
handling kerosene after starting on gasoline, even with- 
out hot-spot or air intake stove. Acceleration and cer- 
tain intermediate speeds seemed to indicate incomplete 
vaporization, although more from the fact that the ex- 
haust showed some white smoke than because of improper 
car action. 

A careful study of the requirements for the use of the 
heavier oils and a possible modification to suit that use 
should lead to a far more practical condition that has yet 
been found. 


Tur Discussion 

D. S. HATCH :—To have all the benefit of carrying the 
fuel in the rear tank or at any point below the level of 
the carbureter, and at the time do 
complications and difficulties brought 
vacuum feed and other methods in use at the present 
time, is an end devoutly to be desired. It is hoped that 
Mr. Huene’s ideas will work out in general practice as 
they have in his own case. 

FREDERICK PURDY:—When I learned that Mr. Huene 
was to favor us with a description of his carbureter | 
looked over some records I have so as to be prepared to 
take issue with him on one point. I have a file of 
perhaps 4000 patents on carbureters and in that file there 
are about twenty-five of the anterior-throttle type. The 
first one came out prior to 1900. There was another 
about 1905. Mr. Stewart of this city had two patents 
on anterior carbureters about 1908. Four or five came 
through in 1910. I have not looked at the Official Gazette 
for the last 2 yr. and there may be more now. 

Mr. HUENE:—Only one that I know of, and that was 
the Tice. 

Mr. PurRDY:—In the development of another device, 
efforts were made to use the vacuum existing above the 
throttle as a means of moving with regularity a certain 
device which would make the automobile more of a pleas- 
ure than it sometimes is. Our experience was rather 
unfortunate. We found as we regulated the speed and 
power development of the engine that the vacuum above 
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the throttle was not at all regular. I really did not care 
very much whether the vacuum varied as the square of 
the speed or the inverse ratio of the speed, so long as it 
was something I could get hold of, but we never found 
a place along the line of operation of an automobile where 
the curve laid on the logarithm table would be straight. 
The curve laid out was very irregular; it did not corre- 
spond with the speed; it certainly did not correspond 
with the log. For that reason I gave it up and tried 
something else. 

As Mr. Hatch has so aptly stated, any device that will 
eliminate the various parts we have to use between the 
rear tank and the cylinder, assuming that we have to 
have a cylinder, will be acceptable. We all recognize the 
advantage of simplicity but there must be a certain 
amount of complexity to accomplish what is required in 
this problem. 

Another thing that it occurs to me to criticize is the 
reason given by some inventors for the difference between 
the ratio of gasoline to air, i.e., the difference in the level 
of the nozzle tip and the fuel. A patent has been issued 
to a German in Germany that provides an overflow at 
the nozzle. The fuel is always flowing, yet the same con- 
dition obtains; the fuel exceeds the air as the suction 
increases in that carbureter as in others. 

I have always been under the impression that air 
becomes less dense under vacuum or partial vacuum, 
whereas fuel is practically always the same in density 
under all conditions of pressure. The very thing that 
made the carbureter go, that is the depression, was what 
made the difference between the air and fuel content. If 
we have half atmosphere, we have half air, but the same 
volume; in other words, the air weighs half as much. 
Now, following the old rule for measuring speed, our 
air and gasoline are moving at the same relative velocity 
through all the ranges of the carbureter. It is easy to 
understand why the fuel content of the mixture will 
increase as the suction increases. We certainly have as 
between a 2 and a 9 lb. vacuum a greater difference than 
we have between the few ounces and the maximum of 
2 ID. 

If the difference between the operating conditions is 
greater, and it is those suction conditions that cause our 
difficulties in producing a proper mixture, then, assuming 
that we can have regularity in suction proportioned in 
some way to the speed of the load, have we not a greater 
source of trouble when we work with high suction through 
a wide range than when we work with high suction at a 
lower range? Mr. Huene has told us that, inasmuch as 
85 per cent of the tanks are at the rear of the car, they 
seem to represent the survival of the fittest. Twelve or 
thirteen years ago more than 85 per cent of the automo- 
biles then manufactured had the engine on the body in 
the middle of the chassis, but it has not survived till 
now. Tonight is not the first time we have heard about 
the difficulties encountered in using fuel. We had the 
same trouble in 1905 that we are having now. Great 
expectations grow out of good achievement. In 1905 we 
adjusted the carbureter and went out on the road with 
it. We did not have anything to step on then, and we 
were in the flush of a new love and excused many things 
that we will not overlook today, but a car with an internal- 
combustion engine in it will always be subject to ills. We 
have learned to nurse the car. We found that if we 
turned the needle down or up a little and opened the 
throttle a little more we could get acceleration and still 
not use too much gasoline in the running. We got from 
this the impression that the engine needed a richer mix- 
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ture for acceleration than for ordinary speed. We have 
now discovered that it is not that the engine needs a 
richer mixture but that the mixture gets thinner and 
that we must do something to offset this. 


I cannot see how, even in this new type of carbureter, 
the mere fact that the gasoline is supposed to be more 
completely nebulized because of the higher vacuum is 
going to overcome the effect of an impoverished mixture. 
When the fuel is ahead of the air port and the air port 
is opened with a little lag, it is true that the fuel valve 
is slightly open; still it hardly seems possible that this 
opening is sufficient to compensate for the thinning down 
of the mixture during the period of acceleration, because 
that lasts from the time the throttle is open until some 
certain speed is attained and held. After the fuel valve 
does open and we try for high speed the throttle must 
be wide open. It is a matter of only a small fraction of 
a second and the compensating device does not seem to 
be sufficient. 

Mr. HUENE:—This matter of fuel lag and a few others 
that have been mentioned, seem to have brought up a 
host of questions, the theoretical determination of which 
is agreed upon by scarcely any two engineers. 

As to my self-feeding feature, as I have tried to ex- 
plain, the fact of placing the throttle at the air inlet 
instead of at the mixture discharge end of the carbureter 
does not add anything whatever to the aspirating effect 
at the contracted part of the venturi at open throttle, but 
the injector action brings about a decided reduction of 
depression or vacuum at the nozzle entrance. Now, it 
is not contrary to analogy to say that 2, 3 or 4 lb. pres- 
sures can be reduced by a pitot tube or injector jet to 
much less. We are doing it every day in the steam boiler, 
where with an initial exhaust pressure of 45 Ib. or even 
less we are feeding water against 150-lb. pressure. The 
pitot tube is used in measuring current in a river. The 
current flows by it. There will be a depression in the 
water contained in the top of the tube, there will be a 
depression below the level of the surface of the stream, 
simply because of the injector action of the water past 
the sides of the tube in creating an additional depression 
just at the nozzle. 

It is a fact that with my carbureter open and free 
enough to give car speeds from 8 to 10 miles per hr. it 
has a lugging pull equal to that of any carbureter I 
have been able to put on. I have tried everything but a 
Rayfield. I have had, among others, a Schebler, a Strom- 
berg, a Master and a Stewart. The Sixth Street hill in 
Los Angeles, which is familiar ground for testing cars, 
is rough brick part of the way, and when you run onto 
that hill at 8 or 9 miles per hr., and can lug around the 
bends and finish on top without going into gear, you 
know you have a pretty good car. In tests on this hill 
on a Dodge car, for which the carbureter was not an 
exact fit, it showed good results and equally as good 
results on the Studebaker, White, Maxwell, Chalmers, 
Isotta, Buick, etc. I have found equally good lugging 
power when I have put a carbureter on a car too small 
for it. I do not have any worse trouble with a small 
carbureter on a large car than is had with the older type. 

The poorer the air the more need of high-vacuum nebu- 
lization. I have already tried to explain that because of 
the superior vaporization at the nozzle, a truly nebulous 
mixture under small throttle and high vacuum conditions 
and a more speedy and complete diffusion occur at the 
moment the main inlet air ports begin to open. 

MR. PURDY :—The fact that nearly all the old types, the 
posterior form, of carbureter have the jet carried through 
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the tube to a point beyond the throttle or at the throttle, 
for the sole purpose of idling, is in agreement with Mr. 
Huene’s position. That little by-pass is an automatic 
carbureter until the carbureter is opened. To return to 
the pitot tube, if we turn it around and put it up-stream, 
it will be found that the level in the tube will be sub- 
stantially the level of the stream. Mr. Mock, in making 
his carbureter, has recognized the fact that the velocity 
head and the suction head must both be considered in 
estimating the flow from the jet into a venturi or any 
other tube, and he has turned the pitot tube at an angle 
of 45 deg. to the stream and by this means gets a pretty 
nearly uniform mixture. The turning of the tube intro- 
duces velocity as a factor. 

The velocity of the air passing the jets in the Huene 
carbureter, during the period of beginning and opening 
of the throttle to the point where it is open, cannot be 
increased because there is no larger opening for the air. 
There is a larger opening for the gasoline as the throttle 
is turned up, but the air has not begun to move. All the 
air is taken in through the two idling tubes. The result 
in that short period, so far as we can judge, is to give an 
increased suction head but no greater velocity head. 
That would withdraw some more gasoline from the jet 
because it is larger. Now, is it enough larger, and does 
it, during that period, provide the “shot in the arm” 


needed in the acceleration period? If the velocity is not 
increased there is nothing except the suction head and 
the enlarged opening to increase the quantity of gasoline, 
and we cannot increase the suction head unless the engine 
increases its speed. 

Mr. HUENE:—Because of the superior vaporization at 
the nozzle, it is not so necessary to put this overload on. 


Mr. Purby :—If the gasoline is thoroughly nebulized it 
cannot be seen. As long as it is seen it is in a form sub- 
ject to the laws of inertia. I take it that nebulization 
will not be thought of as vaporization because we cannot 
supply heat enough to vaporize gasoline at the nozzle. 
There is not heat enough there to produce the change of 
condition from liquid to vapor. We may talk about reach- 
ing a condition of vapor at the nozzle, but we have not 
yet done it. I do not see how it can be done. 


Mr. HUENE:—What we do now is an approximation, 
but by actual test a very close approximation, under the 
combined influence of high vacuum and well-arranged 
high-pressure air-jets. The gasoline has no visible fog at 
small throttle-opening and no aspirating means but a 
forced air jet through either of the nebulizing jets in the 
carbureter. When ignited, however, it has a blue bulk 
like a blow torch. With 48-deg. distillate a light fog 
extends several inches from the nozzle. 


DIFFICULTIES IN ROAD CLASSIFICATION 


DO not think that roads should be classed under any sys- 
| tem. It will be found that the cheapest and most eco- 
nomical road in the future is the one that will satisfy all 
traffic. Many people think that the subdivision of roads into 
classes is the solution of the road problem; that an expen- 
sive main road should be made for heavy and concentrated 
traffic, and secondary roads of inferior materials from which 
heavy traffic would be barred. This point of view is assumed 
no doubt because of existing classes of road structure and 
the effect of present-day traffic upon them. As a matter of 
fact, waterbound macadam road is an antiquated and obsolete 
construction unsatisfactory for almost any class of traffic, and 
it is the most expensive. 

If, for example, the present main roads of England had 
been laid with asphalt instead of macadam, the expenditure 
today, instead of being £3,000,000 a year would be under 
£1,500,000; they would also have remained in fairly satis- 
factory condition even through the war period. 

For exceedingly dense and continuous traffic the set paving 
is admirable from most points of view. For town and city 
traffic, such as is found in London, wood paving is equally 
satisfactory, and it has advantages over set paving, but 
neither of these will have a much greater extension because 
of their high initial cost. Asphalt is also a_ well-known 
paving which withstands heavy traffic, and although the 
compressed form of asphalt is also heavy in first cost, there 
is some evidence to indicate that on a large scale this class 
of pavement will not cost appreciably more than what is 
being spent on other forms of road structures now in use 
on roads outside of large towns. Artificial asphalt is prac- 
tically equal to the natural asphalt, and before the war was 
being laid at about 5s. per sq. yd. Where a road was new 
the cost with this material was no more than that of a 
waterbound macadam road. The possibilities of this material 
and its generally satisfactory character are such that its 
more extensive use may reasonably be anticipated. 

The “tar” class of structures, such as pitch grout, tar 
macadam, etc., are of a class inferior to those mentioned. 
No one would suggest that they be laid in the principal roads 
of London, because it is well recognized that they would not 
satisfactorily resist the traffic or be economical. Pitch grout 
is the best of them and has withstood heavy traffic with some 


legree of satisfaction but it has generally been necessary to 
tar, paint or spray the surface every year. Where this is 
done it is evident that the structure has weakened in some 
degree, and in wintry weather under heavy traffic conditions 
the tar is churned up and becomes a greasy mud. This is a 
serious fault but the system otherwise is a good one to assist 
in carrying us along until a surface that will be more satis- 
factory throughout the year can be applied. It may be used 
after a few years’ wear as a good base for an asphalt sur- 
facing coat. Tar macadam has the same defect; it satisfies 
a lighter grade of traffic and can be adapted to the pitch 
vrrout. 

Concrete roads, the reception of which in England, as com- 
pared with what has been done in America, is disappointing, 
are not likely to be popular because of the time they take 
to “set” when laid in situ, and the repairing is thus far very 
unsatisfactory. If the concrete were made in the form of 
bricks, properly matured, and then laid with close joints like 
set paving it might prove to be very useful for many miles 
of our roads. This form of concrete would be laid when 
the cement had made its chemical change, and the traffic 
would not have the same effect upon it after this had taken 
place. The repairs could also be made properly whenever 
needed. 

In 1913-14 there were 18,005 vehicles of the heavy motor 
type inclusive of 5000 motor buses, 3000 of which were con- 
fined to the streets of London, leaving 2000 for the pro- 
vinecial cities and towns. It may be assumed, therefore, that 
there are only about 1000 motor buses used on the country 
or provincial roads, and although the damage to these roads 
has been generally attributed to them, it must not be for- 
gotten that there were probably six times that number of 
heavier vehicles also using these roads. 

It is realized that the roads are now to be subjected to an 
intensity of traffic far beyond that in the past. It must be 
clear that at least twenty times the number of motor buses 
now on country roads will soon be using the highways. We 
may reasonably assume that the effect of this on existing 
structures and on any weak construction will be felt to a 
very considerable extent. It is, therefore, necessary to look 
ahead and select the road structure that will solve the 
problem.—F rancis Wood in Motor Traction (London). 
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AMERICAN PETROLEUM INSTITUTE 


ry. HE American Petroleum Institute, which was organized 
recently, has opened offices at 50 East Forty-second 
Street, New York City, with R. F. Welch in charge as secre- 


tary. Mr. Welch was formerly general counsel for the West- 
ern Petroleum Refiners’ Association. T. A. O’Donnell is 
president of the organization. J. W. Van Dyke, Samuel 


Messer and H. L. Doherty are vice-presidents. 
of directors is provided for 
have been appointed. 


A large board 
and a number of committees 

It is the hope that the American Petroleum Institute, which 
has been organized along lines sim:lar to those of the Ameri- 
can Iron and Steel Institute, will represent the entire petro- 
leum industry in America. It is the declared policy of Presi- 
dent O’Donnell to bring about harmonious decisions, prevent- 
ing waste and helping to the valuable 
petroleum. 

A. C. Bedford, chairman of the National Petroleum War 
Service Committee, bespoke at the organization meeting of 
the Institute whole-hearted support by the trade to secure 
for future years the cooperation within the industry the war 
brought about. M. L. Requa, who served as director of the 
Oil Division of the Fuel Administration during the war, said 
that the rapid development of the internal-combustion engine 
indicates for the immediate future an increase in consumption 
equal at least to the increase of the last decade. That it may 
proportionately exceed it would not be in the least surprising. 
The success of the United States shipping program largely 
rests upon oil, and many consider coal to be no longer a 
suitable fuel for naval vessels. Over the last decade the com- 
mercial average rate of increase in consumption has approxi- 
mated 8 to 8% per cent of the previous year. 
with consumption around 


save products of 


In other words, 
350,000,000 bbl. per annum, about 
27,000,000 bbl. greater production than in the previous years 
would be required to meet the increased demands. The pro- 
duction in 1890 was 46,000,000 bbl.; in 1900 it should have 
been 72,000,000 bbl.; it was actually 64,000,000 bbl. In 1910 
it should have been 180,000,000 bbl.; it was 210,000,000 bbl. 
In 1914 it should have been 260,000,000 bbl.; it was 265,000,000 
bbl. In 1918 it should have been 361,000,000 bbl.; it was 
345,000,000 bbl., much less than the requirements. Judging 
the future best by the past, and applying this theory of 
average increase, in 1927 somewhere around 600,000,000 bbl. 
will be needed. The increase may not be at this rate; there 
will be years of less and years of greater average increase. 
This year should, considering all factors, fall much below the 
average in consumption. 

In 1860 our annual output was 500,000 bbl. In 1870 it was 
5,000,000 bbl.; in 1880, 26,000,000 bbl., and 46,000,000 in 1890. 
In the period, therefore, of 58 yr. our petroleum output has 


grown from 5,000,000 to 345,000,000 bbl. per annum. The 
per capita consumption works out as follows: 
PER CAPITA CONSUMPTION OF PETROLEUM IN THE 
UNITED STATES, 1860-1918 
Year Bbl. 
PB cas op 5 5 socies onlin sate bathe ah oe aclae aan aaa as wee 0.016 
a , er ater nary Tar ae ae ee ee 0.138 
I i: iw hive Ws kanes'e Saw gna Nd lew etl -endeilaice. apna pia ere ac ee 0.525 
See: ere een eee re ea eeewe rad 0.727 
ere eee ee ee eer er eee ee 0.838 
PEEL Tee er Ta ET oe eee tere 2.326 
Ns asco: seit acto inno etek Nia) oc rpms (a aca oho ta eagle aaa mer ahaa 3.400 


The use of all forms of petroleum products will be rela- 
tively greater in the future than in the past. Machinery 
needing power to drive it and lubricants to lubricate it will 
more and more supplant hand labor. Taking pre-war figures 
as a basis, we are lacking somewhere around 2,000,000 immi- 
grants, that is net restrictive immigration. It is now pro- 
posed to pass restrictive immigration laws greatly curtailing, 
if not stopping, immigration for a period of years. Because 
of lack of immigration we must use more and more machinery, 
on the farm, in the factory and in our commerce in general. 
All this enlarges the need for more petroleum. 


The tremendously increasing demands for petroleum, focus- 
ing on an ever increasing draft upon the oil pools of Mexico 
and South America, create problems of the first magnitude 
that will crawl forward with growing weight in the next few 
years. The pressure of these circumstances, in view of the 
extremely intricate character of the entire petroleum activity, 
demands machinery for bringing a higher degree of scientific 
oversight and efficiency into the industry as a whole than is 
possible under present conditions. So insistent, indeed, is this 
necessity that Government action will ultimately be forced 
by the dictates of circumstances, if the industry does not 
anticipate the matter and give to the situation the coopera- 
tive help that is even now so distinctly needed. It is not 
without real significance that the National Petroleum War 
Service Committee, by whose action during the war direct 
vovernmental control of the petroleum industry was rendered 
unnecessary, stands sponsor for the establishment of a petro- 
leum institute to serve a similar and even more constructive, 
function in the period of industrial development that lies 
ahead. 

In the field of production, in the field of refining and in the 
field of marketing and foreign trade, a petroleum institute 
can render a service to the industry which can be secured in 
no other way. Production has its problems that need a rep- 
resentative organization to solve; problems in cooperation, in 
development of engineering practice, in the securing and 
assuring of adequate state and national legislation. Refining 
equally has its problems to meet, problems in gaining greater 
efficiency, in securing a balanced output of products, in im- 
proving methods of all kinds and in procuring adequate infor- 
mation of market conditions and the trend of demand. The 
distribution and placement of petroleum products, whether 
in this country or abroad, bring forward still other problems 
which can be met nowhere so well, if at all, as at the hands 


of a central organization with a broad view and the full 
resources of modern scientific method at its command. 
We have arrived at the era of community of effort. The 


individual efforts of a century ago served fairly well in meet- 
ing the demands of the times. We are rapidly approaching, 
if we have not already reached, a point where the individual 
effort in the oil industry will find its best exemplifications in 
cooperative action; and this cooperative action can best be 
directed through an organization such as is proposed. The 
producer of petroleum is, after all, a trustee administering 
a diminishing output in behalf of the population as a whole. 
Deliberate waste and inefficient handling of the product 
should not be tolerated by the industry. Intensive and con 
structive investigations can and should be undertaken in an 
effort to determine what can be done that will more efficiently 
administer the trust. 

The recent investigation by the Oil Division of state laws, 
city ordinances and railroad specifications revealed a condi- 
tion best described by the word chaotic. Colorado has pro- 
vided that gasoline must not contain over 50 per cent of 
solid matter. The laws of Iowa state that gasoline is a 
product between 80 and 70 deg. Baumé and that the boiling 
point shall not be less than 150 nor more than 210 deg.; all 
other products are termed substitutes for gasoline. The 
Oklahoma law recites that only kerosene between 40 and 48 
gravity shall be marked good; all others, inferior. The best 
burning oil from Pennsylvania crude is lighter than 48 grav- 
ity; good burning oils from California crude are even heavier 
than 40 gravity. Think of the inconvenience and loss, both 
to the public and to the industry, if these obsolete standards 
are permitted to prevail and to be in force. 

A. C. Bedford, in his address entitled, “A Glance Backward 
and Forward,” said that the position of the Allies was never 
anything but grave, and that their life depended upon their 
ability to maintain a supply of petroleum was palpable to 
any observer of the war. One has only to roll back the map 
of France to understand what the capture of Amiens meant. 
The mailed arm of the enemy encircled the great coal regions 
upon which ordinarily would have rested France’s hope of 
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continuing in the war. To transport sufficient coal across the 
channel for the Allies’ requirements in Europe was a physical 
impossibility, and the one vital alternative was petroleum 
and that American petroleum. In the end a fuel came to 
the Allies across the deep blue, superior as a military auxil- 
iary to the fuel which the German Empire had within its 
grasp. 

We will not soon forget Monsieur Consul General Gaston 
Liebert’s graphic description of the immortal battle of Ver- 
dun, of the slow but irresistible progress of the great German 
guns closer and ever closer to that fortress, of the absolute 
destruction one by one of the railroads upon which depended 
the daily existence of that garrison. “It was only,” said the 
Consul General, “thanks to the possibility of our high com- 
mand to send to Verdun all that was necessary for the de- 
fense by motor truck that the tremendous and long battle 
was won by the French Army and that the first big blow of 
the war after the Marne was dealt against the Germans. 
Those motor trucks could only move, thanks to the essence 
which was sent to us from the United States at the time 
when they were so-called neutrals.” Consul General Liebert 
further told that the monthly consumption of gasoline during 
the war by the French Armies has been about 35,000 tons 
and that of these 30,000 came from the United States. At 


one time the available stock in France had fallen to 25,000 
tons, hardly 3 weeks’ consumption. 

Captain Arthur Snagge, Naval attaché to the British Em 
bassy at Washington, stated that 48 per cent of the British 
Navy could not be moved without petroleum. When it is 
borne in mind that even a day’s delay in the arrival of an 
American tank steamer produced great anxiety, and that 
steaming of the fleet and other vessels engaged in patrolling 
around Great Britain averaged nearly 7,000,000 miles per 
month, also that in 1918 2,328,961 tons of fuel oil alone was 
shipped from the Eastern seaports of the United States for 
the use of the Allied Navies in Europe, and in the same period 
over 1,000,000 tons of gasoline and other petroleum products, 
entailing some 500 tank steamer loadings, it is evident that 
the winning of the war depended to a great extent on the 
supply of oil. 

Except in tankers, Great Britain was the only country 
which had tonnage available for allocation to other countries. 
and it was because this country filled such a vital need by 
supplying Great Britain with tankers that we were favored 
by Great Britain in the allocation of other tonnage to us, 
and thus the industry not only transported its own products 
but contributed materially toward relieving the shipping 
situation generally. 


CHEMICAL STANDARDIZATION OF STEEL 
ANALYSIS 


oo importance of, and great value attached to, a small 
difference in composition in practice may be illustrated 
by the case of rails. Some years ago, a good many railroads 
specified besides the carbon, for which a range of 0.05 per 
cent was given, phosphorus and sulphur, each not to exceed 
0.06 per cent. Later, when the Engineering Standards Com- 
mittee were considering the issue of British standard speci- 
fications, great efforts were made by steel makers to have 
the limits fer phosphorus and sulphur raised, and an in- 
creased allowance for track rails of 0.01 per cent was con- 
sidered a great boon, removing largely the difficulties in 
adhering to the former specification. 

With steel for some purposes, where the maximum limit 
is only 0.03 or 0.04 per cent, a small difference becomes of 
greater importance. Yet, excluding differences due to varia- 
tion of sample, the actual analytical differences between 
chemists of standing working on the same sample, if they 
have no mutually accepted standard by which to gage them- 
selves, may not infrequently amount to from 0.03 to 0.04 per 
cent of carbon, or 0.005 to 0.010 per cent of phosphorus or 
sulphur; equivalent in practice to altering the specification 
and perhaps condemning material that the makers fully 
believe to be right. 

Many analysts may be unwilling to admit that such dif 
ferences can occur between chemists of standing, but com- 
mercial men know they do occur, though unfortunately they 
generally attribute it to bad work, whereas it is really due 
to limitations of the methods used. The correctness of the 
assertion is strikingly borne out by a series of analyses re 
cently made, which afford an opportunity such as probably 
never happened before for correctly gaging the relative ac- 
curacy of methods in the hands of a number of chemists of 
status working on samples of exceptional homogeneity and 
with knowledge that their results would be compared with 
those of others. The extremes of variation first reported 
(representing work with normal care), ran, according to the 
method used, for carbon, 0.024 to 0.058 per cent; for phos- 
phorus, 0.006 to 0.013 per cent; and for sulphur, 0.010 to 0.012 
per cent. Afterward when these differences had been pointed 
out to them and they had investigated their methods, their 


carefully considered results, reported as final, showed ex 
tremes of variation of, for carbon, 0.02 to 0.03 per cent; for 
phosphorus, 0.002 to 0.006 per cent; and for sulphur, 0.004 to 
0.007 per cent. 

Today a number of reliable British chemical standard sam- 
ples exist, plain carbon and alloy steels and cast iron, which 
have been jointly standardized by Government departments 
and referee analysts as well as railroad and works chemists 
and which owe their established authoritative value not only 
to this but to their being already acknowledged and used by 
some 200 works and other laboratories. A certificate show 
ing the type of method used by each analyst, his results and 
the general average is issued with each portion. 

These standards can either be sent out by those who issue 
specifications, just as easily as they can send out a template, 
or can be obtained by those who work to specifications; and 
the troubles referred to earlier will largely disappear if the 
buyer in his specifications or the maker in his acceptance in 
troduces a suitable clause. The additions to the chemical 
clause of a typical specification might, for example, be as 
shown in italics: 


The composition of the steel, as ascertained from pla) 
ings to be taken evenly over the whole surface of the 
ample piece selected and well broken up and mixed, 
hall contain: Carbon, 0.40 to 0.45 per cent; sulphur 
and phe sphorus each not to exceed 0.07 per cent whe 
expressed in terms of standard “X” the accepted com- 
position of which is carbon 0.428 per cent phosphorus 
0.0385 per cent and sulphur 0.050 per cent. In case of 
dispute this standard shall be tested side by side with 
the sample, the results of this only being regarded a 
correct when those for the standard also come as they 
should. In case of slight differences the figures for the 
sample can be corrected in accordance ki ith those found 
for the standard. 


When tested side by side with a standard of similar ma 
terial it is fairly certain that, if the results of the latter are 
correct, those of the sample will be also. Thus, specifying in 
terms of a definite standard sample avoids tying the chemist 
to a standard method.—Times Engineering Supplement 
(London). 
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What Motor Cars Could Be 


By Wiiu1aM B. Strout! (Member) 


E who would be a prophet is always at a disad- 

vantage through the wide divergence between 

what man might do if he would and what he actu- 
ally does. This same divergence exists when one would 
forecast the future motor car. There are so many things 
that might be done with motor-car design, most of which 
probably will not be done for other than pure engineering 
reasons, that a correct forecast is impossible. 

I purpose to outline, therefore, only a vision of what 
is possible today in the motor car, rather than to attempt 
to foresee what the demands of commercialism and inter- 
nal organization in plants may actually dictate. 


A 900-LB. Five-PASSENGER CAR 


With what we have learned during the war it should 
now be possible to build a five-passenger closed car of 
present-day standard of performance with a weight of 
about 900 lb. This car should give 30 to 40 miles on 
a gallon of fuel and 10,000 to 15,000 miles on a set of 
tires. In riding ease it should surpass anything in heavy- 
weight construction. In cost it should be built for no 
more money than cars of today of equal passenger capac- 
ity and performance. The care required to keep the car 
in shape should be far less than in present construction, 
and all parts could be oiled from the engine. Freedom 
from noise and rattles would be a feature, and the life 
of the car in proportion to its price much increased. 

Engines as well can undergo a real revolution, not only 
in performance but in design. It is even probable that 
we shall see a movement toward air cooling, as it is now 
possible to build air-cooled engines with a mean effective 
pressure as high as the best motor-car engines and cool 
them under motor-car conditions. 

The greater part of the engineering lessons learned 
which can make these things possible have come through 
development of the airplane, and while I must agree with 
the papers of Messrs. Marmon, Crane, Vincent and others 
at the Winter Meeting of the Society, where they stated 
that the airplane would have influence in motor-car 
design and construction only in details, I must agree, so 
far as the subject is viewed from their standpoint as 
manufacturers, with design investments in hand, yet I 
would take just the opposite stand regarding what could 
be done were some firms to have the vision to do it. All 
the fundamentals necessary to the results I have just 
quoted now exist, both as related to engines and to cars. 
The only step now needed is the vision to see a line of 
experiment through, which will properly combine the 
essentials. 

War production of planes taught us one new thing 
at least. We for the first time found what wood was 
and how to use it, both for strength and for production. 
We found that wood, combined with the new waterproof 
glues into multiple units, was a dependable basis of struc- 
ture under all weather conditions and under severe vibra- 
tions and stresses. We found that we could mold it, 
press it, cut it, and form it in a real production way, 
and obtain structures with a fraction of the weight for 
the same strength that was possible with steel. Of course, 
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it had to conform to certain rules of structure, just as 
steel does, but the result has been proved, and the com- 
paratively low production cost of plywood parts demon- 
strated. A five-passenger body on a moderate wheelbase 
car, without glass, need not weigh over 200 lb., and still 


be a more permanent structure than a steel-wood com- 
bination. 


A Goov ENGINE NECESSARY 


A car of 900-lb. weight—and this would mean a revi- 
sion of some of our suspension ideas to entirely new 
fundamentals—would need but a good 15-hp. engine and 
other parts in proportion. This engine, being small, 
could call to itself the very best workmanship and ma- 
terial, and would not be a success unless it did. 

By the use of many small cylinders, not less than 
six, and some of the constructional and cooling ideas that 
have been proved during the war, this powerplant could 
be laid out as a real thermal job, with no cooling difficul- 
ties, and with wonderful economy. It would, of necessity, 
be radically different from the present-day air cooling 
to obtain the mean effective pressure desired. Its weight 
complete need not be over 8 lb. per hp., or 120 lb. for 
the complete engine with starting equipment. It should 
turn up to 2600 r. p. m. without undue vibration or power 
loss. Its cost per pound need not be over twice that of 
present engines in equal quantities. Since the motor car 
has become for us an all-the-year proposition there is 
more reason than ever for eliminating the radiator and 
its recurrent winter troubles. With the low total weight 
of the car and the small-bore engine, fuel economy would 
be far beyond present types. 

To obtain riding ease the problem of unsprung weight 
would have to be studied all over again and many ideas 
on axles and drive revised to new bases. The load of 
five passengers being such a large proportion of the 
total weight, some special type of suspension would be- 
come a necessity in the car outlined to obtain easy riding 
whether full or part load were on board. 


THE OwNnerR to Be CONSIDERED First 


As to cost of manufacture, this can be figured on a 
per pound basis, and would allow of higher-class work 
and materials without increasing the final cost of the 
car. Because of the lightness and small size of the 
power and transmission units, great accessibility could 
be had, while the car of the future, too, should be de- 
signed primarily with the owner in mind rather than 
the factory. This means a car that can be taken care 
of by the owner with small outlay of effort or skill, and 
infrequent oiling; a car with no grease cups or unlubri- 
cated joints, and an outside design such that a minimum 
of washing will keep it clean. This refers primarily to 
wheels, the hardest part of a car to keep looking right. 
For this reason alone the newer disk wheels have great 
possibilities. 

The motor car today, in its present form, has probably 
reached a maximum of performance. If we would 
obtain a radical economy or sales basis or performance 
we must look to radical but balanced ideas. We must 
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all admit that the car of’ today is still crude, and even 
though our shops at present are full of work and our 
desks of orders, we should remember that the firms which 
undertake research have always been the leaders and look 
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ahead, not only toward better engineering for its own 
sake, but that the per car cost of sales effort may be 
minimized, and the line of sales convincement be more 
direct. 


ZIRCONIUM AND OTHER STEELS 


TEEL containing zirconium promises to play an import- 
S ant role in the future metallurgy of the steel industry. 
Here again the war has been the immediate cause of the de- 
velopment in the use of this element. Mystery, at least so 
far as published data are concerned, surrounds the results 
that have been attained in the United States from introduc- 
ing zirconium into various steels. There have been rumors 
in circulation about the striking properties it bestows on 
steel but nothing very definite had been published up to the 
time the armistice was signed. The chief difficulty had evi- 
dently been and still is, the production of a uniform ferro- 
zirconium, one containing definite amounts of the metal and 
correspondingly regular amounts of other ingredients or the 
absence of them. It is evident that until raw materials are 
obtainable from which a dependable ferrozirconium can be 
made, definite scientific progress is impossible. 

Information now comes from France, meagre though it is, 
regarding some of the properties of zirconium steel. It re- 
veals the striking properties of French steel containing nickel 
and zirconium. A steel of medium carbon content and the 
usual nickel, 3 per cent, but only 0.34 per cent of zirconium, 
not only possesses a very high tensile strength and an elastic 
ratio of over 85 per cent, but also surpasses in toughness any 
other steel hitherto made. The surprising statement is made 
that this steel, with a thickness of only 10 mm., had afforded 
a better resistance to German bullets than the nickel-molyb- 
denum or the chromium steels of greater thickness. The 
steel also has a Brinell hardness of 470, a high value. 

Attention should be called, however, to the 
manganese contents of the steel in question. 
1.5 and 1 per cent respectively. To what extent these 
two elements may be credited with bestowing the un- 
usual properties we are not told. The value of both man- 
ganese and silicon in steel is already appreciated. It is a high 
manganese content alone that has made possible the pro- 
duction of cast steel chain in this country having properties 
superior to those of any chain heretofore made. 

It seems certain that we are on the eve of most interesting 
developments in the realm of alloy steels containing the rarer 
metals. It may be that the interesting results obtained by 
the British in the evolution of their tank armor should be 
credited to steels containing zirconium, molybdenum and per- 
haps vanadium and titanium. 

The following information regarding the effect of zirconium 
in certain alloy steels is translated from a brief article ap- 
pearing in Le Genie Civil: 

Zirconium and its alloys, added to molten steel, dissolve 
completely. The ferrozirconiums thus obtained possess an 
unusual degree of strength which has made them useful dur- 
ing the war for the manufacture of armor or any form of 
sheet metal for defensive purposes. 

Investigations are being made with reference to a new 
application of ferrozirconium in the manufacture of high- 
speed tools. 

The statement is made that zirconium combines easily with 
the metalloids but it is necessary that the temperature be 
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very high. Even then there is great difficulty in 


the element in the metallic state. 


obtaining 


The zirconium steel which has given the best results as far 
as firing is concerned has the following composition and physi 
cal properties: 


Per Cent 


RE PS eee tee ee eaneae ya eee 0.42 
NR re ee en eee ee 1.00 
os we ch gules tes Gita ite riots Gishanan ea a ae 1.50 
a ee ee are y are ea ee ee eae 3.00 
PMN oo ola ciate a Oe al De Ue ee ee eee 0.5+¢ 
Tensile strength, kg. pe: sq. mm............... 198 


a Se) See aa ee 281,560 

Binetic yumit, he. Per SG: WMG 665 ccscceccsicces 169 

{Sg a re 240,320 

Brinell hardness 470 (weight of ball 10 kg., making an 
impression of 2.8 mm.) 


In a paper, “Zirconium, Its Occurrence and Application,” 
delivered before the Ceramic Society (British) at Swansea 
Wales, September, 1918, by H. C. Meyer.’ this statement is 
made concerning zirconium in steels and alloys. 

Various reports have been circulated in the United States 
as to the remarkable properties of German armor plate, 
samples of which are said to have been analyzed and found 
to contain zirconium. It has already been noted that Krupps 
of Essen were, prior to the war, investigating zirconium, and 
it is interesting to note that the Brazilian Government re- 
ports show that in’'1913 there was exported from that coun 
try 1119 tons of zirconium ore. As there was no consump- 
tion of the ore at that time in either the United States or 
England, it is natural to assume that nearly all of this went 
to Germany. 

The application of ferrozirconium as a scavenger for re 
moving nitrogen and oxides from steel has been known for 
some time. One of the most recent alloys of zirconium placed 
on the market consists essentially of between 40 and 90 per 
cent zirconium with the remainder mainly iron or an iron 
group metal. Small percentages of titanium and aluminum are 
also introduced. It is claimed that the alloy is not subject to 
oxidation, is highly resistant to chemical reagents and is 
readily malleable. It is suggested that one of the alloys in 
this series may find an important application in the manufac 
ture of drawn filaments for incandescent lamps. Such fila 
ments are claimed to have the property of selective radiation, 
in other words, they emit more light than corresponds with the 
temperature to which they are heated by the electric current. 
This implies a considerably lower wattage per candle power 
than is now required by the average metal filament lamp. A 
typical analysis of some of these alloys shows: Zirconium, 
65 per cent; iron, 26 per cent; titanium, 0.12 per cent, and 
aluminum, 7.7 per cent. The production of the alloys is ac 
complished either by reduction with finely divided aluminum, 
together with the mixed oxides of iron, titanium, etc., or 
whatever metals it is desired to introduce into the alloys; or 
they can be produced by heating the mixed oxides in a graph 
ite crucible in an electric furnace, using either zircon or zir 
kite as a source of zirconium.—The Iron Age 





Vol. IV 


June, 1919 No. 6 





Conditions in the Automotive Industry 


Abroad 


By Daviv BeEcrorr (Member) 


HE observations | shall make cover the period jusi 

after the war. We were not fortunate enough to 

be over there during the war. I should perhaps 
explain the reason for making this trip. Fifteen of us 
were guests of the British Government. During the war, 
as you know, the natural channels of communication be- 
tween the two countries had been broken off and the 
censorship had really created a barrier between France, 
England, Italy and America, so far as the exchange of 
information was concerned. Previous to the war we had 
well-established channels of communication between our 
Allies and ourselves. It was with the intention of break- 
ing this barrier down that our party was one of many 
that were invited and taken over, not only to see the battle 
area but everything else we wanted to see over there. 
We had the distinction of going over the battle area after 
the fighting had ceased. Parties from all of the other 
neutral and allied countries of the world had just pre- 
ceded us; there had been still others from Africa, Asia 
and South America. It was a great organization of 
theirs, one we were not familiar with, this propaganda 
movement to let the world know what had taken place. 
We who went over would not be doing our part if we did 
not do our very best here at home to let as many people 
as possible know what we saw. If we could all be moved 
over there and see, it would be the means of binding the 
whole world more closely together, a means of inter 
preting what has happened since 1914. It is only after 
one gets there and talks to people that one realizes 
how little we have known and what a barrier the censor 
was during the entire war period. 

We reached London a few days before the armistice 
was signed, and spent two weeks going over England, 
meeting Government officials and talking of industrial 
matters. We went through Scotland’s shipbuilding and 
coal areas, and then back to London and over to the front 
for 10 days, as guests of France. We did not get over 
all the front, but traveled as much as 250 miles a day 
through the battle area all the time. We went to Italy 
for a week. When we came back to France, we visited 
the aircraft, automobile and tractor factories. In Eng- 
land later we inspected the factories, carried on investi- 
gations and looked into the matter of Government ac- 
tivities. 

THe FacTorRigs OF THE ALLIED NATIONS 


This is not to be an engineering talk; that is out of 
the question. It is going to be a mixture of what we 
saw in the factories and on the battle fronts; of infor- 
mation we got by talking to the heads of departments, and 
to officers in the Army, in the Ordnance Department, in 
the Navy and of transports and various other matters. 
I shall begin with the factories. We have all heard a 
great deal about them. I had been through perhaps fifty 
factories in France and England previous to the war and 
I was amazed at the expansion. Take the Renault fac- 
tory in France as an illustration. Previous to the war 
they employed 5000 workers; in December there were 
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23,000 housed, and there were three and four story build- 
ings half completed. You could tell by the layout that they 
had had no conception of what the expansion was going 
to be. ‘The plant was not arranged symmetrically. They 
would start a three-story building, but long before it 
could be completed their conception had been outgrown. 
Several miles away they had just finished a huge airplane 
factory. The whole place was a marvel of activity. Prob- 
ably 50 to 60 per cent of the workers were women, busy 
on tanks, tractors, trucks, guns and various other things. 
We saw them in the tank factory assembling twenty 
tanks a day on the moving-chain method, and not 
far away there was a large testing ground. There was 
a huge building given over to the manufacture of guns 
as large as 8 in. in diameter, all the work on them, 
breeches, sights, etc., being done there. Another factory 
made the carriages for these guns. The French soon 
realized the need of motor apparatus for drawing the 
guns. It was useless to adhere to the old-style wheel, 
so all large guns are mounted on truck chasses with small 
wheels and rubber tires. They were moving guns at a 
speed of 25 miles per hr. along the roads, and we 
could not but feel that if we ever have another war the 
automobile truck will be supplied for all the ordnance 
work. 

We saw the great airplane factories making engines. 
There were the same engine assemblies that you see here 
in Cleveland, crankcases on stands, women doing every 
bit of the assembly work on the engines. Throughout 
the factory there were evidences of organization, but not 
the same rate of progression that we see in our factories. 
The reason seemed to be that they could not carry on 
both expansion and organization at the same pace. The 
Government was forcing them. In the truck department 
the assembly methods were not as modern as ours. 

We went into the Gnome plant. Its number of em- 
ployes had increased from 500 to 5000. A great foundry 
was just being put into operation. Close by was a forge 
shop. Not far away were great additions to the plant. 
We saw many indications that they were looking ahead. 
The Gnome people seem to be getting away from the 
rotary engine somewhat. 

The Salmson engine has a great reputation in France 
for being the most reliable in aviation work. Our forces 
used the Salmson plane for artillery work. The Gnome 
organization was impressed with the Salmson engine 
and we saw the drawings for a twenty-cylinder four- 
cycle 800-hp. Gnome engine. They are going ahead on 
that for commercial use. 

Another French factory, Loraine-Dietrich, has been 
spending most of its time building eight and twelve- 
cylinder V-type airplane engines. We saw there a twenty- 
five cylinder not yet completed. It was a W-type engine 
and great development is expected in it for aircraft work. 

Take one of the other plants, the Fiat Co. of Italy. I 
did not know how much the Fiat had grown. There 
were 50,000 workers in the organization when we saw it; 
about 23,000 in one factory assembling cars, trucks and 
tractors of various types, making airplane engines and 
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carrying on other work. Then there were the steel foun- 
dries in which they used electric power only. In another 
part of the city was the huge forge shop just completed 
and most modernly laid out. Nothing in this country is 
any better. Nearby was a half-completed large four- 
story building for truck assembling work, and along the 
railroad tracks was a stretch of 4% mile of material ar- 
ranged row upon row, and stacks of aluminum and copper. 
The amount of material they had on hand was amazing. 
Fiat told us that they had delivered about 62,000 vehicles, 
trucks and motor cars to the Allies. Yards were filled 
with trucks. The assembly methods were not worked 
out as well as ours. I shall speak in general on that 
later. Electric power is obtained cheaply and is used 
for everything. While coal is expensive in Italy, that 
does not necessarily affect the whole 
proposition. 

The Rolls-Royce factory previous to the war had 3000 
employees; it now has 8000. Rolls-Royce has been work- 
ing since the start of the war on airplane engines and 
will be working on these for several months yet. 

I want to remind you that all the enlargements men- 
tioned are permanent brick and reinforced-concrete build- 
ings, the same as ours. Some are one-story, others three 
and four stories high. There are rows upon rows of new 
machinery, a great deal of ours as well as of their own. 
In the Fiat and in French and British 
have built their own machinery. 


We went into another factory at Manchester. It has 
been making cars most of the time since the war started, 
the reason being that when the Royal Air Force was 
organized light motor trucks were wanted and the Cross- 
ley design was selected. At the start of the war it had 
100 employes and underwent a great expansion. Then 
the Crossley plant was building fifty vehicles a month; 
a month later it was building 250. It had no great system 
in assembling, but was getting ready to renovate. It 
had been held back by the Government, was short of 
help, and its engineers were generally taken off for other 
work. The six-cylinder, vertical Beardmore airplane en- 
gine which has been used a great deal was being built, 
as well as the British A. B. C. eight-cylinder air-cooled, 
radial-type engine; production was started in November 
on the “dragon-fly” engine. We were driven 3 miles to 
the new airplane factory, not long before a potato patch. 
It covered 23 acres of ground, a modern factory with 
cement floors, sawtooth roof construction, forced ventila- 
tion and every possible convenience. Here were rooms 
where DH-10 planes with two engines were assembled, in 
rows of twenty and thirty. Outside was a great testing 
and flying field, and across the road another test field. 

The British factories had other surprises for us. The 
Austin Co. is located 10 miles out of Birmingham. It 
employed 2000 before the war and 22,000 at the close. 
During the war airplanes, airpiane engines, armored cars, 
motor trucks and cars and great quantities of ammuni 


manufacturing 


factories they 


tion were manufactured. It was this company that 
demonstrated to England what production in _ shells 
meant. I think it was the 4.5-in. shell it was making, 


but at any rate the price was $62 each, and after rig 
ging up for production it was sold for $31 each, just half. 
Many other British manufacturers did not think this 
possible. The matter came up in the House of Commons, 
and Austin was obliged to demonstrate that it was pos 
sible. Austin has a factory as complete as any ever 
developed. He has every facility, and being in the coun- 
try. draws 50 per cent of his employes from Birmingham 
and the others from the surrounding towns and villages, 
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having great fleets of motor buses bring them in. There 
are canteens where the workers get lunches, etc. The 
company carries on grocery stores and has great agri- 
cultural areas where it grows its own produce. It has 
auditoriums for the benefit of the employes with moving 
pictures and lectures, and three or four engineering or 
ganizations within the force, with special schools for the 
apprentices, who take 2 hr. off and go to school for a 
period of 6 months. So it goes right through, Red Cross 
organizations and regular dormitories for the women to 
use at night, for if taken sick it would be inconvenient to 
send them home. The company has gone into every pos 
sible phase of welfare work. So it was everywhere we 
went. There was hardly a factory that had not been 
developed and increased in size from five to ten times, 
and let me remind you again, these 
modern. 


factories are all 


WorKING CONDITIONS IN FACTORIES 


Now let us spend a little time on the subject of factory 
production. Labor in England went on a 48-hr. a week 
basis. Previous to that they worked from six in the 
morning to six at night, with an hour off for breakfast, 
an hour for luncheon and an hour at four for tea. We 
asked, “How much has production fallen off in the change 
from 54 to 48 hr.?” It seems that the number of chasses 
increased three per day on the 48-hr. basis. They had 
lowered the working time, but studied the assembling 
and improved the general spirit among the workers. 
England was face to face with that shorter week and 
went into the problems of production. They were all 
working during the war on a “cost-plus” basis, founded 
on efficiency, and they looked forward to increased 
efficiency and reduced costs just as soon as Nov. 11 passed. 
We arrived there at a time when production had not 
improved as it should have done. We did not see 
as many multiple-spindle machines as we have here. We 
did find a great improvement in dies and jigs, and great 
saving in the time of machining jobs. One job in ma- 
chining a crankcase that had always taken 5 hr. had been 
brought down to 45 min. by improvements in jigs and 
tools. Even in factories where they were building cars 
they did not have the same line of progressive assembly 
of parts that we have here. They said they were doing 
as cheap machine work as we were doing here, but ad- 
mitted that when they got into assembling they lost 
money. The fitters were bent on good work and would do 
good work only. When we got into the Manchester area 
we seemed to run into a group of workmen had 
caught the production idea. Improvement in factories 
was being much discussed in England, and manufactur 
ers were moving up to Manchester, because of the better 
spirit shown by labor there. 

I think it is a pretty correct conclusion that Europe 
has a lot of progress to make in assembling, but is going 
to make it quickly. It was hard for us to understand 
what it meant to be a controlled factory over there. 
Some were very badly disorganized; their engineers were 
taken away; 


who 


they were compelled to sign an agreement 
they would not do any development work. Being tied 
down there was no incentive to go ahead on production 
plans; vet in every factory they are now asking for pro 
duction men, and there is an opportunity for men who 
can make good in the production field. They have recog- 
nized the fact that to get the best out of a factory thev 
must develop their production methods. 

They have as good welfare work in all the factories, 
British, French and Italian, as we have here. They have 
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doctors and nurses everywhere. Anybody having a 
scratch is compelled to go to the factory hospital. They 
have physical examinations of the men for fitness and 
jook into their home life and see that homes are kept in 
good condition. I| think that the large employment of 
women is responsible, to a considerable extent, for this 
new interest in the worker. They were able to get higher 
production with the women than with the men. Every- 
where we went we were asked for better equipment. They 
want industrial and electric trucks for moving materials. 
[t surprised us to see four or five workers pushing the 
trucks along. They had not been able to get the indus- 
trial trucks. Fiat received four after waiting for them 
for over 9 months. Very great use is made of the over- 
head monorail in factories, and in places small trolleys 
are kept running through the aisles. 

They have given a great amount of attention to venti 
lation, more than we have. Huge ventilators are used 
through which the air is exhausted, and good exhaust 
systems are attached to every saw in the woodworking 
departments. They have done a wonderful amount of 
work also in protecting the workers from machinery. 

In some of the factories, particularly magneto plants, 
the lighting is noticeably good. Magneto manufacturing 
is an industry new to England, begun during the war. 
There is now a regular magneto organization with thir- 
teen or fourteen factories in it. We were in one four- 
story brick building with sides of glass, where the lamps 
were brought down on the left side of the individual 
worker and there was no glare. The condenser tables had 
glass partitions. The seats for the women had adjustable 
foot-rests. The layout was perfect; I do not know where 
one could find anything better. We spent a half-day in 
one of the large machine-gun factories of the Birming- 
ham Small Arms Co. in Birmingham, a four-story struc- 
ture with two parallel buildings and connecting cross 
galleries. Here also was the same regularity of arrange- 
ment. 

The use of an auditorium has become very general. 
They had taken up the movies and, of course, the films 
most used were on the war. It was by these films that 
the workers in the factories were kept in close touch with 
conditions at the front. They are now using films to 
show manufacturing processes in the same way that 
we are here. 

Post-War Car Desians 


We got a good deal of information on post-war models 
not yet out. For example, Fiat has a small four-cylinder 
type car, designed for quantity production. Renault has 
one, the price to be about $1,000. Crossley, the Austin 
Co. and two or three others each have one. By far the 
great majority, however, have not had an opportunity to 
start on new work. ‘They have all gone into electric 
starting and lighting, however, and in many cases with 
their own apparatus. Renault and Fiat are doing this. 
They have some standardization work to do, to all ap 
pearances. There are twenty-three different battery 
makers in England, all using different standards and 
sizes, and it is the same with the car people as it used to 
be over here. They are putting the batteries in most 
inaccessible positions. The starting motors are being 
mounted about as ours are and using the Bendix drive. 
It is a two-step affair, first engaging the pinion and 
next putting on the current. The generators are now 
belt driven, but it is intended to mount them integral 
with the engine and drive through gears. The coming 
of the electric starting and lighting has started a tend- 
ency toward the valve-in-head engine. The real post-war 
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models all have I-head engines. They admit that they 
got the inspiration from America, and particularly from 
aviation engine production. One thing that led to the 
movement is the easy mounting of the engine generator. 
They are strong for accessibility; and they can get at 
both sides of the engine if they use this design. 

Their new cars have the same high hood that ours 
have. This affords room for the I-head engine. They 
objected to this engine some years ago on account of 
noise. Since then much clever work has been done, and 
they feel that they can now get every part quiet except 
the drive. They are going to use an overhead camshaft 
and are working to get it quiet. They were all very much 
taken with the I-head design in handling a rapid flow of 
gases. The speed of the gas can be doubled from the 
carbureter to the engine without cutting down the power. 
Small valves can be used. 

Our cars come in for a great deal of criticism. They 
say we sit on our cars while they sit in theirs, and when 
you ride in their cars you agree with them. We spent 
10 days in different makes of European cars. They ride 
remarkably “easy”. When the speed gets to 40 or 45 
miles per hr., you do sit in their cars; the cushions do 
not hit you in the back. They go into that point to a 
great extent. We were in one factory where there was a 
skeleton with patterns of legs, arms and body cut out. 
They had studied the tension put on the different muscles 
when the back is in different positions. Their cushions 
are designed so as to let the passenger sit with the least 
possible strain on the muscles. I believe we could do a 


great deal along that line. Their cars are most com 
fortable and they are very low. 


Moror Truck DEsIGN 


I have been asked about the trucks in the war zone. 
There are two essential characteristics of trucks—rug- 
gedness and accessibility. The truck had to be able to 
carry 100 per cent overload if necessary, but it had to be 
accessible, for there were times when in repairing a truck 
it was more bother to get at the part than to make the 
replacement. 

With Europe coming back into the truck market, auto- 
mobile trucks and tractors should be to a large extent 
international. There is great need for us to get together 
and standardize to make their use easier for owners. 
This is true also in the battery business, and they are 
very anxious to discuss it. We found Fiat making a 
certain type of battery with one single connection; 
Renault building a different type and, as I have stated, 
twenty-three different types in England alone. Think of 
the money that is and will be tied up, and how difficult 
it will be to sell and give service in the other countries 
of the world. Batteries should be as interchangeable as 
gasoline or oil and tires as well. They are considering 
our tire sizes. They are anxious to reduce the number of 
tire sizes as much as possible to improve the merchan- 
dising. 

We certainly have a problem ahead of us in our export 
trade. The world is tremendously big and wants auto- 
motive apparatus. There is going to be enough demand, 
more than all can supply. The biggest job is to make 
it as easy as possible to buy this apparatus, operate it 
and keep it in repair. There is no reason why France, 
Italy and America should set up their own standards in 
different parts of the world. We must remember that 
“characteristic” designs, individual preferences and little 
peculiarities in a car set up barriers and create sales 
resistance in India, Canada or Australia. Would it not 
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be better for the manufacturers to get together and talk 
these problems over as makers, rather than fight them out 
in the merchandising fields at the four corners of the 
earth? We are now preparing to build apparatus that 
is to go to all parts of the globe. Let us listen to the de- 
mands made from these different quarters and be reason- 
able in adopting suggestions. 

In the war zone all drivers had to keep to the right 
side of the road. That impressed the British, for their 
rule of the road is the reverse. In Italy some cities have 
one rule and some another. It is expected that the 
Peace Conference will settle the rules of the air, and it 
would be well if the rules of the road could be standard 
ized. If we had international road rules the cost ot 
manufacture would be reduced to some extent and sales 
resistance on that point eliminated. Automobile manu 
facturers should get together and push on this point. 

European nations should all build a standard width of 
gage or track. There was trouble before the war, for 
they built gages of 62 and 64 in. for certain countries. 
We are very glad to know that Fiat decided to build for 
export a 57-in. gage only. How much more fortunate 
for us that they are already building a 57-in. tread. 
There will be great manufacturing economy if all the 
nations can agree in this matter. 

We should watch the fuel question. That is quite 
serious. Gasoline in Paris was $1 per gal., in England 
82 cents, in Norway and Sweden $2, in South Africa 90 
cents, and in Australia 80 cents. It was 25 cents here. 
They think a great deal more of fuel economy abroad 
than we do, and the engireer in designing his job, 
whether car, truck or tractor, must give attention to it. 
We design our engines with America too much in mind. 
If we are going to spend big money on the foreign 
market, we must give attention to fuel economy. In 
Sweden it was almost impossible to get gasoline and they 
were using alcohol. 

London has many steam trucks. Up to 1915 they were 
operating on steel tires, and after that on solid rubber 
tires. Over in the war zone we saw them everywhere. 
The fuel cost is about 50 per cent that of gasoline. In 
other places they have been developing still other types of 
vehicles. We found Italy asking for electric trucks, and 
one factory considering the manufacture of them. This 
suggests that there has to be a good deal of variety in 
automotive apparatus over the entire world, and if we 
confine ourselves to one type of vehicle, say the gasoline 
type, we are not going to meet the entire field. Foreign- 
ers have stronger individualism than we have here; the 
individual is more self-assertive; if he thinks he is 
trodden upon he will resist and “scrap” to the end. Engi 
neering firms convinced that steam is the thing or some 
other type is the thing will go into research to establish 
themselves. There is greater breadth of view over there. 
They have vehicles of quite different types that are very 
successful. 


Tue AtrRPLANE INDUSTRY 


The problems of the airplane industry are troubling 
France and England very much. They are wondering 
what to do with the factories and studying the commer- 
cial aspects of aviation. If one judged what is to happen 
from the newspapers, he would think that transportation 
is to be taken over entirely by airplanes. Yet there is 
a strong movement to stop any headlong plunge into com 
mercial aviation. They are trying to check rashness. 
When I left they had prohibited any organization from 
promoting passenger air service between England and 
France, because there were no international rules per- 
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mitting it. If one of the big planes started and some 
day had an accident with all killed, commercial aviation 
would be set back. They are looking into the question 
sanely and are fully alive to the value of aviation. When 
we left at the end of January airplane factories were 
still going along, one with orders tor 150 big bombing 
planes and another had orders for 300. They are going to 
build an aerial navy and plan to dominate the air as they 
have dominated the sea. For commercial aviation they 
ure laying their plans just as broadly. 

They must have landing fields every 10 miles, day and 
night signals, signals that will serve for use with their 
radio equipment. They must have meteorological sta 
tions and they are working on schools of air navigation, 
and training their men as sea captains. They are work 
ing on mail traffic and insisting on that and express and 
merchandise carriage, putting passenger travel last. All 
these fundamentals are to be settled and installations 
made before there can be a great air transport system. 

While the Zeppelin has been a failure in war, it is 
recognized as a possible tremendous success as a vehicle 
of commerce. They are not taking transatlantic flight 
very seriously, but concede that it will be accomplished 
with the dirigible. They have in London now airships 
that could make the trip from there to New York City 
and back without landing. Long flights, like those from 
New York to Chicago, for instance, are for dirigibles 
and not airplanes. 

Our aviators on the other side used the French Spad 
plane entirely; all single-seater fighting was done in 
them. While we heard nothing but praise of the Liberty 
engine, our planes were not so successful. We heard 
criticisms of the DH-4 plane. These came from our own 
organizations, our pilots and observers. Our planes did 
not have parachutes and we lost many aviators for that 
reason when the machines took fire. The German Fokker 
machine had parachutes, with a strap around the pilot. 
We knew about parachutes, of course. We demonstrated 
them in 1917. They wondered in France why we did not 
have them. 

Our aviators certainly deserve great credit. They went 
against the Boche handicapped. We did not have a 
fighting plane at the front with a protected gasoline 
tank, that is a tank with laminated rubber bound in with 
wire gauze, to prevent the tank from taking fire and leak- 
ing when struck by a bullet. Requests came from the 
other side for these almost a year ago, urging that they 
be sent, but our aviators went into the air with the tank 
vulnerable to the incendiary bullet, and this meant death 
if the tank was punctured. 


Soutip Tire MILEAGE 


I was surprised to learn that on London streets a 
mileage of 60,000 is secured from the front tires; the 
average is over 40,000. On the rear tires the average is 
30,000 miles on streets not very good. These are solid 
tires. If it is possible to get that mileage on London 
streets, what an argument for us to get good roads 
and highways between our cities and work up to a mile- 
age like that. There is a great deal of stopping and start- 
ing in the operation of the London buses; often twenty 
stops to the mile. 

MororcycLes 


The feeling over there is that there will be a great 
motorcycle demand. Great Britain has 140,000 coming 
back from the war. In France it is said to be respectable 
now to do three things not thought of before the war; to 
wear a wrist watch, smoke cigarettes and ride in the side 
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CONDITIONS IN THE AUTOMOTIVE INDUSTRY ABROAD 


car of a motorcycle. Motorcycles are to be seen in 
Paris and London, and there is no reason why we should 
not use them as part of a taxicab system in America. 

There was a great demand over there for a small, light 
car like the Ford, a car cheap to operate. On the boat 
with us on our return trip were some people coming 
over to learn whether they could buy parts in America 
with which to build a light car to carry two, not three, 
people. 

THE Discussion 

QUESTION: What about the steel foundries over there? 
Is any high-grade steel casting work done? 

Mr. BEECROFT: Yes, a good deal. Fiat has a big steel 
foundry with four huge 10-ton cupolas, and Lancia has 
another. Renault has one and there are several in Eng- 
land. A great development has taken place in that line. 
I spent a day at the National Physical Laboratory, which 
corresponds to our Bureau of Standards, and was struck 
with the enormously practical work they were doing there. 
That organization was responsible for the copper-alumi- 
num alloys. They were rolling aluminum 0.003 in. thick. 
In another place they were treating steels on a com- 
mercial basis. There is a practical aspect: they have 
put through and approved twenty steel standards for the 
automobile trade. They called the steel makers and the 
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automobile manufacturers together and for a period of 
11 months developed steel. Last October the steel mills 
started on the production of these twenty new grades of 
automobile steel. 


QUESTION: What fuel is used in the steam vehicles in 
London? 

MR. BEECROFT: Mostly fine soft coal. In December 
coke was used and giving much greater mileage. In 
France they are using a fine-dust coal. 

QUESTION: How many men are used on them? 

MR. BEECROFT: Two, a driver and a workman. 
vehicles are simple to operate. 
get well-fired-up in the morning. 

QUESTION: Can you tell us something more about a 
car being built over there which you thought very 
flexible? 

MR. BEECROFT: I did not see that car. I went up to 
the factory, but it was out. It is a valve-in-head type, 
four-cylinder block job, with an overhead camshaft. 

QUESTION: What is the present life of the airplane 
engine? 

MR. BEECROFT: I do not know. One gets various opin- 
ions. On the front they are generally overhauled every 


35 to 75 hr. Renault was guaranteeing engines for 50 hr. 
on the front before overhaul. 


The 
It takes about 1 hr. to 


TRAINING THE WORKERS FOR THE NEW ERA 


HERE is now a new and great opportunity for the de- 

velopment of human capacities for the new era; this must 
be done if we are to live as a nation and build a great new 
state. To do it effectively or at all we must take care of the 
mind of the buyer who buys the service and the mind of 
the worker who performs the service that it bought. When 
we remember the lessons of the war, the reasons for placing 
the emphasis upon the development of mental rather than 
material capacities appear at once. We admit that mental 
capacities can be developed far more swiftly than material 
ones, but ask why they have not been more largely developed 
from the point of their value as industrial capacities. One 
reason and one only can be given. The means of their de- 
velopment industrially were not in existence in sufficient force 
to make maximum development possible. 

Now for the first time the great war, by far the greatest 
engineering and educational experiment the world has ever 
known, has supplied us with the means for such development, 
and, by focussing all the pre-war experience in engineering 
and education on the supreme need of winning the war, 


it has supplied these means in the three great groups 
needed for the development of complete industrial mental 
skill. 


These groups point out (1) what knowledge is necessary, 
(2) how that knowledge can be best and most simply taught, 
and (3) what men are best fitted for a given job and how 
we can know when they are fitted. 

The plan proposed is fundamental, first, in its division of 
skill into two types—mental and manual, or technical and 
vocational, or engineering and craftsman, or in whatever way 
we may choose to express the comparison. 

Industry has a third type of worker whose task has been 
little defined, whose schools are few, and yet whose mental 
capacity is capable of the most extraordinary advance. I 
refer to the foreman, the non-commissioned officer of busi- 
ness. He is a great human need that must be filled if indus- 
try is to advance, and to fill that need we must train rightly 
a new group which has never been properly trained before. 
Only by providing that training can we fill in a link in 
industry and serve to the maximum degree the nation, our 
associates and ourselves. There is a general need in every 


industrial city and town for trained foremen, and no proper 
means of supplying that need. 

It remains, therefore, to outline specifically a plan by which 
the foreman may get the training he needs. The first thing 
to do is to bring the educational experience of the war to 
bear directly upon the problem. 

There are two types of workers in industry who are es- 
pecially eligible for this training, but they must be taught 
in two separate groups, the first composed of skilled crafts- 
men, the second, of men who are already foremen. The 
skilled craftsmen must be educated in foremanship; the fore- 
man must be trained for advancement in his existing job or 
for promotion to higher jobs. The craftsman who possesses 
the qualities and knowledge which fit him for advancement 
must have the training which will enable him to change from 
a manual to a mental worker. When that training is com- 
pleted, the worker should be competent to be a foreman in 
any department of the trade group to which he belongs. 

The procedure for actually putting this training for non- 
commissioned officers into effect, I have found to be simpler 
in practice than may appear from the gravity of the general 
problem. The time in which the training may be done in the 
first group has been determined by a number of experiments 
as about 400 hr., which can easily be taken in a year of night- 
school study, with employment continuing regularly during 
the day. The time needed for the training of the second 
group is probably materially shorter. 

With a command of industrial practice as it has been 
focussed by the war, the engineer experienced in shop prac- 
tice who is skilled also in teaching will be able to give the 
craftsman that training which will most quickly make him 
an efficient foreman. If this same engineer is also an expert 
in engineering research, he will be able to point the way to the 
education and advancement of the foreman. He cannot, how- 
ever, develop the educational capacity of foremen in terms 
of their own shops in public institutions devoted to general 
aims. He must do it in the shop and develop the work as an 
outside teacher and investigator. The work of training should 
never be given to those who are concerned with other duties, 
who are not both teachers and engineers. 

—Dr. Hollis Godfrey of Drexel Institute. 
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Properties of Airplane Fabrics 


By E. DEAN WaALEN? (Non Member) 


HE design of heavier-than-air machines in their 

early stage of development was arrived at by cut- 
and-try methods. The wings of such machines were 
covered with plain cotton fabric, much the same as an 
ordinary sheeting material, coated with a beeswax com- 
pound or some form of glue. The wing surfaces were 
then rubbed and polished to present a surface having 
comparatively low skin friction. Such a covering was not 
very strong and sagged very materially when subjected 
to pressure or exposed to weather. 

As the application of science produced planes which 
were capable of much higher speeds, smaller wing sur- 
faces and a consequent increased loading per square foot 
of wing surface, it became necessary to cover them with 
a material having high strength and low weight. It was 
generally known that flax spun into varns and subse- 
quently woven into fabrics produced a very tough ma- 
terial having little stretch, and the property of with- 


standing shocks with very little permanent set. Ac- 
cordingly, unbleached linen fabric was used to cover 
wings of planes and found to be very satisfactory. The 


structure of the linen fabric was that of an ordinary fine 
linen sheeting. No attempt had been made to study the 
requirements of a-.covering material or to design a 
fabric possibly lighter and more resistant than the linen 


INVESTIGATION OF LINEN SUBSTITUTES 


During the war crisis it became evident that the avail 
able supply of linen would not cover the military demands 
of the countries at war, and it was necessary to find ma 
terials that could be used in place of the satisfactory 
linen. 

As early as January, 1916, the Bureau of Standards 
started to investigate the possibility of substituting cot- 
ton for linen. The general consensus of opinion among 
airplane manufacturers and investigators as well, here 
and abroad, was that the use of cotton fabric for wing 
coverings was out of the question. Many experiment: 
had already been made. We were certain, however, that 
all the possibilities of structure in the fabric had not 
been considered, and we began an investigation of the 
stresses in a fabric on a plane. We undertook also to 
determine thoroughly by actual measurement the prop- 
erties of the linen fabric and to incorporate these as de- 
sired in a cotton fabric for the same purpose. 

The difficulties experienced in the experiments on cot- 
ton fabrics previous to the time of 
were: 


our investigations 
(a) Low strength per unit of weight, (b) low tear- 
ing resistance, (c) little shrinkage upon application of 
dope, (d) little tendency to retain what shrinkage they 
had after doping. 

It was not until March 18, 1917, that we were in a po- 
sition to issue instructions covering the manufacture of 
cotton fabrics for the experiments. These instructions 
were sent to the various fine-goods cotton mills and were 
supplemented by visits of our textile experts to the mills. 
Here they sat down with the practical men and evolved 
the present cotton airplane fabrics. 

The first goods of this series were received at the 
Bureau about April 1, 1917, and in May had successfully 


‘From a paper read before the 
Engineers. December, 1918 
Associate Phvsicist, U. S. Bureau of Standards 


Ameri 


passed our laboratory standards. The next important 
step was to determine their actual performance. To 
this end samples were placed in August on army planes 
at Langley Field and navy planes at Pensacola. Similar 
fabrics were sent later by the Signal Corps to the Cana- 
dian Aeroplane Co., Toronto, and they were placed on 
planes there by the middle of October. 

The service tests demonstrated that the fabrics were 
satisfactory and that service results could be reliably 
predicted in the laboratory. In view of this we felt 
justified in modifying the structure of these goods some- 
what, and in cooperation with officials of the Curtiss 
Aeroplane & Motor Corporation and the Pierce Mfg. Co., 
the present grade A cotton fabric was evolved. 

In August, the military authorities became concerned 
about the scarcity of linen, and the Joint Army and 
Navy Aircraft Board called the Bureau into conference 
regarding cotton fabrics for airplanes. We were able 
to say with a great degree of certainty that we had a 
fabric ready for their needs. A little later the Signal 
Corps Equipment Division ordered the Bureau of Stand- 
ards to supply the necessary specifications covering the 
purchase of 500,000 yd. of airplane cotton fabric. These 
specifications covered the fabrics now known as grade A 
and grade B, as used by the Signal Corps and the Navy. 
The Department of Agriculture was invited by the Bu- 
reau to assist in further development, and experiments 
were started in September, 1917. During April, 1918, 
the Signal Corps submitted samples which we under- 
stood to be the result of these investigations. 

The standard fabrics were submitted to the English 
airplane authorities, and their comments were to the ef- 


fect that the results of their tests were astonishingly 
successful. The British adopted the standard grade A 
fabric. 


At the time we were making our field tests 
Field, the Italian Aviation was there. One of 
the Italian planes was covered with a cotton fabric 
which they had used successfully on the battle front, and 
the members of the mission offered the opinion that our 
fabrics were better than their own. Upon analysis their 
fabric was found to differ but slightly from our own as 
far as thread count and yarn number were concerned. 
Working on the same problems, on opposite sides of the 
water, and having ro information regarding each other’s 
work, the results were practically the same. 


at Langley 
Mission 


PROPERTIES OF TEXTILE MATERIALS 


An airplane wing covering can be considered a flat 
rectangular sheet supported on four sides and _ sub- 
jected to pressure uniformly distributed over an area 
defined by the width of the rib spacing in one direction 
and a relatively small distance in the other direction. 
The stress in the material of the section being considered 
is a function of the reciprocal of the radius of curvature 
nlus a factor involving what is usually termed an axia) 
tension load. The curvature at any given pressure is 
determined by the load-stretch relations of the material, 
and, although the load-stretch diagram does not consider 


the effect of axial loading, it does serve as a very valu 


able index to the relative factors of safety of the various 
materials. The wing covering must. be airtight so that 
the pressure cannot build up on one fabric alone, and 
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also to avoid flight efficiencies lowering. The material 
will remain wind-tight as long as the dope film is not 
ruptured or deteriorated. 


Meruop or CoveERING AIRPLANE WINGS 


The frame of an airplane wing is covered with a 
fabric according to one of several methods. The cloth is 
sewed into a piece wide enough to cover the wing frame 
and is folded completely over and under it. It is then 
tacked on the three open sides after being stretched just 
enough to take out the wrinkles. The raw edges of the 
fabric are then sewed together and the tacks removed. 
Another method consists in making a pocket of fabric 
and slipping it over the frame. The open end is then 
tacked and sewed as in the previous case. The system of 
threads in the fabric is related to the major and minor 
axes of the wing; the warp may run from the leading 
edge to the trailing edge, that is, parallel to the short or 
minor axis of the wing, or it may be put on at an angle 
of 45 deg. to the axis of the wing. The fabric is laced 
te the wing ribs at intervals of about 6 in. 

After it is secure on the frame, it is treated with a 
solution of cellulose acetate or nitrate with suitable 
stabilizers, etc., which is termed “dope.” The dope has 
the property of producing a tight drumhead-like wing 
covering, which is often attributed to the shrinking of 
the fabric. It also serves to fill in the interstices of the 
fabric, making a surface which has a coefficient of fric- 
tion to air approximately equal to that of plate-glass. 
The doped wing fabric can be considered as a rectangular 
membrane fixed at two sides and supported on the other 
two sides by the ribs of the frame. 

The ability of a fabric to 
almost entirely by 
twist, 


“take the dope” is influenced 
the relations between yarn number, 
threads per inch, weight and weave, and they are 
practically the only measure of such a property. The 
functions of the dope are to produce a reasonably tight 
covering, to protect the fibers from the influence of 
atmospheric conditions and to produce a wind-tight sur- 
face. To perform these functions most advantageously 
it is necessary that one or two coats of dope penetrate 
the fabric enough to protect the fibers thoroughly and 
to serve as a necessary bond for the subsequent coats, 


GOVERNMENT TO GIVE 20,000 


ORE than $45,000,000 worth of motor trucks are about 
\ to be distributed by the Secretary of Agriculture 
sureau of Public Roads to the State highway 
These trucks have been declared surplus by 
the War Department and are being distributed to the states 
under the provisions of Section 7 cf the Post Office Appro- 
priation Bill. They must be used by the states on roads 
constructed in whole or in part by Federal aid, for which 
$200,000,000 in addition to the former appropriation was 
given to the states under the same bill. All that the states 
must do to acquire the use of these 20,000 trucks, which 
range in capacity from 2 to 5 tons, is to pay the loading and 
freight charges. 

Of these vehicles to be acquired practically free by the 
states 11,000 are new and 9000 are used, but all are declared 
to be in serviceable condition. They will be apportioned to 
states only upon request of the highway departments on the 
basis of the requests received from the respective states 
and in accordance with the apportionment provided in the 
Federal aid law approved in 1916. The requirements of the 


through the 
departments. 


which should have the nature of a surface coating. It 
has been thought that a yarn made absorbent by chem- 
ical treatment is more desirable, but extreme penetra- 
tion of the dope will produce brittle fabric. 

Provided a yarn be made which has little hysteresis 
effect, it is only necessary that a thin film of dope sur- 
round it. This condition is attained at the expense of 
overtwisting, and its object is therefore defeated by a 
subsequent loss of strength in the fabric. From this it 
is readily seen that the dope serves a secondary purpose 
of supplying an additional bond between the fibers. The 
most advantageous condition of dope penetration into 
the yarn is obtained by twist regulations. 

The life of a fabric can be considered to be dependent 
upon the life of the dope. The dope may deteriorate 
either under repeated exceeding of its elastic limit or by 
exposure to harmful rays of light. The latter can be 
reduced to a minimum by coating the material with pig- 
mented varnish or dope which is opaque to the deteriorat- 
ing portion of the spectrum. 

The ability of a fabric to shrink depends largely upon 
its load-stretch relations. The term shrinkage has been 
applied to fabric tautness and leads to confusion-as to 
the nature of the tightening. It has been observed that 
fabrics having the least stretch at low loads are tightest 
after doping, and that a plain-weave fabric is tighter 
than a fabric woven with fewer intersections and having 
less stretch. The fabric tautness is dependent largely 
upon the support which the fabric lends to the dope 
and the completeness with which the dope binds the yarns 
together in their crimped condition, and only slightly on 
film shrinkage. 

The maintenance of the strength and the tautness of 
cotton fabrics is dependent upon the completeness with 
which the dope protects the fabric and with which it, 
in turn is protected from deteriorating influences, such 
as light and weather. 

Further experiments are being conducted to determine 
the properties of airplane fabrics, which have to do with 
the calculation of the exact performance of any fabric 
under assumed conditions of flight, including the ef- 
fects of various rib spacings, wing deflections and vibra- 
tions. 


MOTOR TRUCKS TO STATES 


law are such that the Bureau of Public Roads cannot dis- 
tribute any trucks to counties or individuals. 

During April, 1919, the Secretary of Agriculture ap- 
proved project statements for 120 Federal-aid projects, 
involving the improvement of 923.53 miles of road at a total 
estimated cost of $16,261,326.51, and on which Federal aid 
to the amount of $7,528,550.68 was requested. This repre- 
sents the largest number of project statements approved, 
the largest total estimated cost and the greatest amount of 
Iederal aid requested in any month since the ‘passage of 
the Federal Aid Road Act. ‘ 

In April the Secretary and the several State highway de- 
partments executed fifty-five project agreements involving 
the improvement of 521.51 miles of road at a total estimated 
cost of $4,626,415.48, and on which $2,039,614:99. Federal aid 
was requested and set aside in the treasury. In addition, 
agreements to cover seventy-two other projects were placed 
in process of execution during the month. 

Up to and including April 30, 1919, project statements for 
a total of 1057 projects had been approved. 
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Organization of a Federal Public Works 
Department Proposed 


NATIONAL convention of engineers was called 

by the Engineering Council to meet in Chicago to 

formulate plans for the organization of a Federal 
Department of Public Works and for a campaign that 
will secure its creation by the Congress. 

That the engineering profession is undertaking a 
very large and difficult task, anyone who realizes the 
huge inertia which retards all Governmental action will 
agree. Even on matters of great public importance, to 
which there is no opposition, it is often very difficult to 
obtain action by Congress. If the project for a Federal 
Department of Public Works is to have any chance of 
success, it must be presented in such form that a power- 
ful public sentiment can be enlisted in its support and 
that opposition be aroused from as few sources as pos- 
sible. 

For more than 40 yr. there has been discussion in the 
engineering profession as to the desirability of a Federal 
Department of Public Works, manned by a permanent 
body of civilian engineers. Seldom, however, has the dis- 
cussion included the details of how such a Government 
department should be organized. 

Care is needed at the outset in defining the field which 
the proposed department should cover. In earlier dis- 
cussions of the question it was urged that such a depart- 
ment should take over all the engineering work carried 
on by the Government. Today, however, engineering is 
a much more comprehensive term than it was a quarter 
century ago. A large part of the work done by both the 
Navy and the War departments, the construction of 
ships, docks, fortifications and ordnance, is engine2ring 
work of a very high order; but no one would advocate 
transferring such military functions to a Department of 
Public Works. 


FEDERAL DEPARTMENT OF TRANSPORTATION 


Again, there is a strong movement, backed by the ex- 
ecutive heads of the railroad companies, for the organiza- 
tion of a Federal Department of Transportation. If cre- 
ated, such a department would probably take over the 
functions of the Interstate Commerce Commission and 
such other supervision over the railroads as the Govern- 
ment may continue to exercise, the Government work in 
merchant shipbuilding and ship operation and perhaps 
also the Bureau of Navigation and the Steamboat In- 
spection Service, now under the Department of Com- 
merce. 

A great deal of this work is engineering work, and the 
Department of Transportation, if organized, should be 
cunducted largely by engineers; but none of these func- 
tions seem properly included in a Department of Public 
Works. Furthermore, those promoting the establish- 
ment of a Department of Public Works may well enlist 
the co-operation of the influential interests backing the 
proposed Department of Transportation. It may be 
easier to bring about the systematic reorganization of 
Government business which the establishment of these 
two departments would involve, than to establish either 
department separately. 

The proper field for the proposed Department of Pulb- 


lic Works appears to be the Federal Government’s opera- 
tions in civil engineering construction together with the 
functions of those scientific bureaus that are carried on 
chiefly by engineers and the work of which is useful 
principally as a foundation for engineering work. 


ENGINEERING BUREAUS OF THE GOVERNMENT 


In the prospectus of the Chicago conference there is 
given the following list of engineering bureaus scat- 
tcred through various departments: 


Treasury Department: 
Public Health Service 
Supervising Architect 
Department of War: 
Public Buildings and Grounds 
Construction Division of the Army 
Rivers and Harbors 
Mississippi River Commission 
California Débris Commission 
Department of the Interior: 
General Land Office 
Indian Affairs 
Geological Survey 
Reclamation Service 
Bureau of Mines 
National Park Service 
Alaskan Engineering Commission 
Department of Agriculture: 
Forest Service 
Weather Bureau 
Public Roads 
Department of Commerce: 
3ureau of Standards 
Bureau of Lighthouses 
Coast and Geodetic Survey 
Unattached Functions: 
Panama Canal 

That the sanitary engineers who carry on the Public 
Health Service and the architects and engineers who 
construct public buildings should be under an engineer- 
ing department rather than the Treasury is too obvious 
to need argument, and the transfer of these bureaus 
should arouse little opposition. 

When it comes to the transfer to the new department 
of the river and harbor and other civil engineering work 
now carried on under the War Department by the Armv 
engineers, no such easy success is likely. The argu- 
ments for the transfer of these works from military en- 
gineers to civil have often been presented and are fa- 
miliar to most engineers. One of the strongest of these 
is that river and harbor work, under the nominal con- 
trol of the Engineer Corps, though the policy is dic- 
tated by Congress, has become a national disgrace. This 
is so well known that public support should be readily 
enlisted in favor of the transfer of this work to the con- 
trol of civilian engineers organized under a Cabinet of- 
ficer who would have the authority and initiative to plan 
and carry out public works for the national welfare in- 
stead of merely distributing Federal expenditures in 
certain Congressional districts. 

In the discussion of this question among engineers, 
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first place has often been given to the position of the 
engineers in Government service. In pushing the reform 
before the public, first place must be given to the national 
benefit which will result from the substitution of intel- 
ligent planning by able engineers in carrying out all 
classes of Federal work in place of the haphazard spend- 
ing of money that has hitherto prevailed. 

At the close of a war in which engineering has played 
«© large a part, the public will look with greater favor 
than ever before on the proposition that the Army engi- 
neers should devote their time to military engineering 
work in the interest of national preparedness. To keep 
them busy on civil engineering work, as has been done 
hitherto, inevitably results in neglect of their own proper 
duties. 

Of the three bureaus in the Department of Agriculture, 
the one destined to be most important in the future is 
probably the Bureau of Public Roads. Already it has su- 
pervision over the heavy expenditure of the Federal Gov- 
ernment in aid of State road construction, and much 
more extensive work on the nation’s highways is prob- 
able. Little argument is needed to demonstrate that this 
should be under a Department of Public Works rather 
than of Agriculture. 

A valid reason for the inclusion of the Forest Service 
in the proposed department is its jurisdiction over the 
work of water-power development which is in prospect. 
It will be recalled that the Federal water-power bill, 
which came so near passage in the late Congress and 
fer which success is expected in the coming session, 
created a Water-Power Commission made up of the Sec- 
retaries of the Interior, of Agriculture and of War, be- 
cause the bureaus concerned with water-power are scat- 
tered through these three departments. If these buréaus 
are brought together in a Department of Public Works, 
the need for such a cumbrous administrative organiza- 
tion will disappear. 

Perhaps the Department of Agriculture will seek to 
retain the Weather Bureau; but its relation to the en- 
gineer’s work for flood control, water-supply and irriga- 
tion is close enough to ground an argument for its in- 
clusion in the Public Works Department. 

Of the three bureaus under the Department of Com- 
merce, the building of lighthouses and the work of the 
Coast and Geodetic Survey would surely be generally 
recognized as civil engineering functions. As for the 
Bureau of Standards, its work is so largely carried on by 
and for engineers that the proper place for it would seem 
to be in the proposed organization which will presumably 
he the engineering department of the Government. 

Under the Department of the Interior seven bureaus 
are listed for possible transfer to the Department of 
Public Works. In answer to the objection that this would 
practically destroy the Department, leaving it patents, 
pensions and education only, the National Service Com- 
mittee of the Engineering Council has made the interest- 
ing suggestion that the Department of Public Works 
could most easily be started by merely changing the name 
of the Department of the Interior, a name which has no 
longer any significance. This would obviate also the crea- 
tion of a new Cabinet office. 

Of the seven bureaus in this department, the Reclama- 
tion Service belongs, of course, in a Department of Pub- 
lice Works and so does the work of building the Alaskan 
railroads. The Geological Survey should be under the 
same head as the Coast and Geodetic Survey and the 
Bureau of Mines. The care of the national parks should 
be in the same department as the care of the national 
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forest reserves. The Land Office and the indian Bureau 
have such close relations with the other bureaus just 
named that they should be retained. 


ORGANIZATION OF PROPOSED DEPARTMENT 


Turning now to the organization of the proposed de- 
partment: The profession will surely agree that the en- 
gineers in such a department should be given a perma- 
nent status. These men, on whose independent judg- 
ment the conduct of the department will depend, must be 
safeguarded from dismissal through political or personal 
influence. If the Government’s work is to be carried on 
with economy and efficiency, unprejudiced engineering 
judgment is a first essential. Some reasonable tenure 
of position for engineers in the department is necessary 
for this reason and also that engineers of the requisite 
ability and character may be obtained. If engineers 
must exert political influence to obtain positions in the 
service and hold them after obtaining them, there is little 
chance that the Government would be able to secure for 
its great tasks such engineers as have built up the rail- 
read systems of the country or created its great indus- 
trial establishments. 

Hardly less essential in planning the-personnel of the 
proposed department is a provision for regular promotion 
and for retirement with partial pay on reaching a certain 
age limit or becoming disabled in the service. It is 
hardly to be expected that Congress can be persuaded to 
increase the salaries for technical and professional men 
in the service of the Government to the scale common in 
private business. There is a fair prospect, however, that 


Congress, in view of the urgent necessities of the depart- - 


ments at Washington, will eventually provide a retiring 
allowance for Government employes at a certain age 
limit. With secure provision for old age or disability, 
men will be better content to work at the low scale of 
salaries common in the Government service. 

It may be argued that such a corps of civilian engi- 
neers as is here proposed, with a fixed tenure of office, defi- 
nite provision for promotion and retiring allowances on 
reaching the age limit, would to some extent duplicate 
the organization of the present Engineer Corps. It has, 
nevertheless, great advantages over that organization in 
its freedom from military control and methods. It would 
be recruited, also, from men trained in the engineering 
schools and probably also by some years in the school of 
practical experience, instead of being brought into the 
work fresh from West Point. 

It needs only a glance, too, at the varied kinds of work 
which this great department would have to execute toe 
see, how necessary in such an organization would be en- 
gineers of a great variety of experience, experts in their 
respective fields. It is only by enlisting the service of 
such men that the Government can hope to have its great 
works carried out efficiently. 


OpposiTION TO BE EXPECTED 


But, in carrying out any great reform, it is well not 
to attempt too much at the start. Fundamental thougk 
the internal organization of such a department may seem 


to be to its success, those who planned the Chicago con- 


ference give warning of difficulties in the way. The 
various bureaus which it is proposed to bring together 
in that new department each have their own organiza- 
tions, methods and personnel which have been built up 
through a course of years and to a considerable extent 
are covered by special laws. If it were attempted now to 
make a sweeping reorganization of these bureaus, as well 
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as transfer them to a new department, strong opposition 
would certainly be encountered. Moreover, the bill to 
create the new department would have to be a very long 
and complex statute repealing a large number of existing 
laws and enacting other provisions in their place. It is 
easy to foresee that such a law would be carried through 
Congress with great difficulty, if at all. 

If the proposed Department of Public Works is to be 
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come a reality, therefore, the wisest plan would appear 
to be merely to bring together intact such bureaus as 
manifestly belong under such a department with prac- 
tically no change in their present organization and per- 
sonnel. The working out of the relations between these 
bureaus and of the general organization of the depart 
ment could be left for the future. 

Charles Whiting Baker in Engineering News-Record. 


THE RELIABILITY OF AIRCRAFT TRAVEL 


NYONE who takes up aircraft transport shows in the 
most practical way that is open to him his belief in the 
future of the air way, and that future is bound -up with 
its security and punctuality. The risk of interruption from 
structural weakness is declared to be eliminated where design 
is in the competent hands which have evolved the best de- 
signed war machines of the present time. The basis for 
this statement is that on the one hand the stresses are 
known and that “stunting” is unnecessary, while on the other, 
the normal stresses have been provided for with the utmost 
nicety of mathematical calculation. There is no person com- 
petent to express an opinion who can deny either of these 
contentions. On the basis of this knowledge and experience 
the science of engineering definitely provides that known 
stresses shall in future be withstood by materials of known 
character and of the scantlings which are now calculable for 

the new duties of aircraft. 

OccURRENCE OF ACCIDENTS 

There have been accidents, but let us consider what are 
the number and the conditions of these occurrences. The 
conditions have been that a British Army of 3,000,000 to 
5,000,000 “terrestrials,” on foot and horse, has been dependent 
from month to month on the scouting, the warnings, the sig- 
nals, the artillery directions, the photographic records and the 
offensive actions of about 1000 airplanes in the air. The 
accelerated effort, the intensive pressure for the rapid in- 
crease of the flying arm has been such that risks had to be 
taken to force the pace. In war you must risk ten to safe- 
guard 100. We had to win the race, and we did in fact win 
the race against German aircraft, both in speed of training, 
in excellence of the personnel selected and trained, in speed 
of construction, in excellence of design and in excellence of 
construction. 

The Flying Corps knowingly took heavy risks, knowingly 
accelerated training, knowingly lowered the factor of strength 
of airplanes to the minimum compatible with high maneuver- 
ing, knowingly ordered maneuvers and “acrobatics” to be 
practiced. They thereby tested the materials of construc- 
tion up to their limit, and tried the skill, judgment, balance 
and nerve of the men up to their limit also. In any walk of 
life the proof that we are really working on a limiting verge 
is that we may fall over the edge. We know well that that 
proof of our effort exists; we honor the fallen because they 
accepted the risk for the cause. 

Now as regards the number of accidents which occurred 
even under these extraordinary and abnormally dangerous 
“limit” conditions: A careful statistical compilation has shown 
that, including all the operations of learners, including the 
trials of rejected aspirants to the flying services, all the 
stunts and acrobatics of the scouting and high-speed fighting 
airplanes, including all the experimental work achieved dur- 
ing the war and all the night flying after Zeppelins and the 
like, including all engine failures and forced landings and 
flight in fog, storm and wind, the remarkably low figure of 
one accident per 25,000 miles flown has been achieved. This 
average means that on the basis of thousands of fliers we 
can and have flown a distance equal to the circumference of 
the world with one accident per round trip. 


We now have available all the experience we need to 
secure an ample margin of strength, safety and stability. 
As soon as we have relegated the practice of “stunting” and 
high-stress maneuvers and “acrobatics” to the realm of 
experiments for purposes of war and to the field of research 
for purposes of enlightenment, we find that the margin of 
strength in our aircraft, as used for civil transport and 
postal purposes, has risen automatically and without increase 
of weight. , 

PRECAUTIONS TAKEN 

Let us consider other details in the organization against 
risk. Provision can be made so that the risks to life and 
limb from engine failure are the least possible, and the con- 
dition is that there be an alighting ground visible anywhere 
within the cone of the airplane’s gliding angle. Determina- 
tions have been made as to what is exactly the correct flight 
speed for any given airplane to glide at with engine stopped, 
for the purpose of giving it the widest possible cone. Cor- 
rections have been indicated for the variation of this selected 
speed of flight according as flight is effected with or against 
or across the wind at the moment. In the design of the air- 
plane various methods may be employed to make this cone 
as large as possible. One of the methods is to provide means 
for increasing the fineness of line of the aircraft when engine 
power is cut off. One design has a device for removing the 
resistance due to the exposed surface of the radiator by 
housing it at will in the fuselage. The same idea has been 
sketched out for causing the alighting gear and wheels to 
disappear; the elliptical wires or rafwires of the old Royal 
Aircraft Factory are a contribution to the same end and so on; 
with numberless ways of diminishing drag and improving 
the gliding angle of the airplane. A different method of in- 
creasing the angle of this cone is to provide the airplane with 
two or more engines. The two-engine method is not, of 
course, the only, or in certain instances, the best solution of 
the problem, but there are occasions when this scheme offers 
advantages. In some cases the cone angle may become 180 
deg.—that is to say, alighting is avoided if the wind con- 
ditions permit of sufficient speed with half the engine power. 
There are parts of the world where the advantages offered by 
duplicate engines warrant their use, and the largest firms 
have adopted both the single and the two engined machines 
in their program. 

Very few have concentrated on the multi-engined method 
exclusively, and for good reason. The duplication of engines 
is attended by increase of the head resistance or drag, and 
increased head resistance, by altering the gliding angle of 
the machine, narrows the cone within the base of which a 
safe alighting area must be chosen. Duplication of engines 
also lowers the speed of travel substantially. A careful 
student of the risks of failure does not overlook what expe- 
rience has proved to be among the most potent causes of 
engine failure, stopping of the gasoline supply, the intrusion 
of dirt or water into fuel tanks or the carbureter, the freez- 
ing of radiators from cold, or the blocking of radiator tubes 
by snow, or the like. Such causes of trouble as these may 
be expected at times to affect both engines simultaneously, 
and in such cases the diminished gliding angle of the twin- 
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engined machine is to a small but still appreciable extent a 
disadvantage. There are in addition the cases when both 
engines may have been overhauled at the same time and a 
similar error of re-erection made in each. In such cases, 
where the error might consist in using a replacement in both 
engines of a faulty lubricating pump or the like, or piston 
rings which prove brittle, or the faulty remetalling of bear- 
ings, or the use of a crankshaft in which there has been some 
unnoticed undercutting, etc., there is the chance which we 
dare not ignore that both engines may stop together. When- 
ever this happens there is the appreciable detriment of high 
drag characteristic of the multi-engined airplane. It may 
be said that whenever flight against high wind is to be ex- 
pected, the two-engined airplane is, owing to its slowness, 
at a disadvantage. 


PROBLEMS OF FLIGHT 


In our latitudes the speed of the wind enters largely into 
all problems of flight. It is the velocity of the opposing wind 
which influences us in selecting airplane speed. We need 
an intrinsic speed of 130 miles per hr. The performance of 
any machine whose speed over the ground is reduced to 60 
miles per hr. by the failure of one engine will be such that 
in an opposing wind of 50 miles per hr. no substantial prog- 
ress is made. An airplane so situated will exhaust its fuel 
supply in the effort to keep its path, and then will have to 
make a landing, much as if no twin-engine equipment had 
been provided. Broadly speaking, the twin-engined airplane 
is able to abolish risks when its air speed is so high in com- 
parison with the expected worst wind that it can still “get 
there” with one engine stopped. That means a maximum 
flight speed of some 130 miles per hr. with full load and at 
cruising heights. 

Another way of adding to the size of the alighting base 
upon which the safe gliding cone is founded is to increase the 
height of flying up to and beyond the level of the clouds. 
Clearly this increases the flyer’s opportunity for choosing a 


landing ground. Provided he is thoroughly familiar with 
the aspect of the map spread out beneath him, he can at the 
earliest moment come to a wise decision as to his direction 
of glide. Here we see the merit of so employing flyers that 
they shall soon become pilots; that is, men familiar with the 
track over which they repeatedly fly, and able, therefore, to 
decide correctly at any moment what path it is best to follow 
should alighting become imperative. 

In the interest of the greater development of air trans- 
port it is useful at the outset not to be dependent upon the 
chance that a pilot knows his map, and not to rely upon his 
arriving rapidly at a correct decision, but to make provision 
by reasonable foresight and proper expenditure to free all 
flights from risk. There is a strong safe chain which an air 
passenger can see for himself, and he will undoubtedly choose 
it when it offers. That is a chain of alighting grounds, not 
elaborate or expensive airdromes, but open spaces simply 
and sufficiently prepared and arranged within such suitable 
distance of one another that risk is wiped out. 

Where there is risk there is expense. That expense can be 
averaged either by insurance or by investing the money in 
preventive measures. A wise foresight indicates the wide- 
spread value of forming such a plan of grounds that not only 
is safety largely enhanced, but at the same time the pilot 
is not tied narrowly to prescribed routes but is free to use 
assisting winds to expedite his journeys both in going and 
coming. The organization of these alighting grounds is al- 
ready beginning. It is an important and onerous business: 
By proper attention to detail, proper selection of situation, 
meeting local demands for open spaces and giving due consid- 
eration to crops and the like, it will be possible to keep this 
expenditure down. Such alighting grounds should be linked 
by telephones or centered where wireless apparatus can be 
conveniently employed and where collecting stations for mes- 
sages and letters can be opened, thus keeping the attendant 
personnel occupied. 


—Lieut.-Col. M. O. O’Gorman in Aeronautics. 
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Current Standardization Program 


LL of the various Divisions are actively engaged in pre- 

paring recommendations for, the meeting of the Stand- 
ards Committee which is to be held in connection with the 
Summer Meeting of the Society at Ottawa Beach on June 23. 
In cases where definite action has been taken by a Division 
up to the time of going to press, a summary of the recom- 
mendations is presented below. 


AFRONAUTIC DIVISION 


A meeting of the Aeronautic Division was held at New 
York City on May 8. At this meeting a number of Sub- 
Divisions were appointed to facilitate the preliminary work 
of the Division in correlating existing and preparing new 
standards for the different subjects now before the Division. 
In connection with the work of the Sub-Divisions all depart- 
ments, organization and manufacturers interested will be 
communicated with so that each Sub-Division report will be 
satisfactory to the industries represented. 

CORRELATION OF EXISTING STANDARDS 

It was stated that, although not generally known, about 90 
per cent of the specifications of the Bureau of Construction 
and Repair and of the Signal Corps has been correlated. 
There are many specifications, however, that are impossible 
to bring together owing to the inherent differences between 


air and seaplanes. 
SUBJECTS ELIMINATED 


It was the opinion of those present that the subjects of 
pontoon hand-pump connections and twin carbureter flanges 
did not lend themselves to standardization at the present time, 
and their elimination from the work before the Division was 
approved. 


AIRPLANE PERFORMANCE TESTS 


It was the consensus of opinion that this subject should 
be considered by the Division in connection with Sand Load 
Tests. 


PERSON NEL 


The members of this Division are given below: 


Archibald Black 
H. M. Crane 

C. H. Day 

F. G. Diffin 

F. S. Duesenberg 
F. G. Ericson 

G. C. Loening 
Charles M. Manly 


Glenn L. Martin 

KF’. L. Morse 

H. E. Morton 

J. M. Schoonmaker, Jr. 
J. G. Vincent 

Chance M. Vought 

C. F. Willard 


ELECTRICAL EQUIPMENT DIvISION 


A meeting of the Electrical Equipment Division was held 
at Detroit, Mich., on May 6, at which a number of subjects 
were considered. 

MOUNTING FOR STARTING 


BARREL MOTORS 


The criticism of the present Recommended Practice, as sub- 
mitted by the Motor Transport Corps, was discussed. In 
view of the very indefinite nature of the criticism the mem- 
bers confirmed the present specification with a recommended 
increase in the pitch line clearance to 0.025 in., which pro- 
vides definite limits for the center line location of the start- 
ing motor with respect to the flywheel. 

The advisability of including a note relative to the use of 
12 and 13 tooth pinions was discussed, but the consensus of 
opinion was that the Recommended Practice should indicate 
the use of an 11-tooth pinion only. 


CABLE TERMINALS FOR GENERATORS, SWITCHES AND METERS 

The report of the Sub-Division as embodied in the accom- 
panying illustrations The terminals 
were recommended for adoption as an S. A. E 


shown 
Standard. 


was accepted. 
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The letter ballot criticisms of the standard were care- 


fully considered and the consensus of opinion was that the 
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present specification is entirely suitable for straight magneto 
drives. 

The application of the standard to generator and impulse 
coupling installations is not deemed satisfactory in view of 
the criticisms received, and the standard was confirmed with 
an amendment to the note prefacing the disk dimensions to 
make it read “Flexible disk couplings for magneto drives, 
excepting impulse types.” 

With reference to page 36xa, Vol. I, S. A. E. Handbook, 
it was questioned whether the dimension of 2.375 in. for O 
is satisfactory for both impulse and straight coupling mag- 
neto drives} or whether the dimension O would be more satis- 
factory if shortened. Opinions seem to indicate that the 
present dimension is satisfactory. It is considered very de- 
sirable to have but one dimension from the bolt holes in the 
pad to the driving shaft for all drives. 


BARREL MOUNTING FOR GENERATORS 


The suggested type of mounting which will provide an 
alternate to the flange and bracket types for truck and trac- 
tor. engines where vibration is more severe was submitted 
and discussed. It also facilitates machining of the engine 
casting and provides a stronger assembly under such condi- 
tions of vibration. Although more expensive to build than 
the flange type, it is wanted ‘by truck and tractor engine 
builders. 

The preliminary recommendation on this type mounting for 
generator diameters from 4 to 5% in. is to be submitted to 
engine and generator manufacturers in time for a report at 
the next Division. meeting. 


ELECTRICAL INSTRUMENT MOUNTING DIMENSIONS 


The summary of answers from instrument manufacturers 
and users was discussed, and in view of the opinion expressed 
by members of the Division that the proposed dimensions 
would probably tend to create a practice favorable to the 
small iron-vane type as against the larger D’Arsonval types, 
it was the consensus of opinion that a Sub-Division be ap- 
pointed from among instrument manufacturers and users 
to prepare a recommendation for a standard or standards to 
cover both types of instruments. 


MOUNTING DIMENSIONS FOR INSTRUMENT BOARDS 


The Division members recognized the value of being able 
to interchange instruments, gages, etc., on boards where it 
may be desired to change from right-hand to left-hand drive 
on cars for export and also for economies in manufacture. 
The Sub-Division appointed to consider the subject of Elec- 
trical Instrument Mounting Dimensions was instructed to 


consider this subject and make a recommendation to the 
Division. 


RATING OF STORAGE BATTERIES FOR FARM LIGHTING OUTFITS 


After considering the type of battery used for this class 
of service and the usual conditions of operation, it was the 
consensus of opinion that a Sub-Division composed of bat- 
tery and lighting plant representatives be appointed to study 
the subject and prepare a recommendation to the Division. 


PROTECTORS FOR CABLE TERMINALS 


This subject was dropped during the war as not being of 
importance at that time. With the increasing use of the 
ground return system of wiring it is now considered feasible 
to prepare a recommendation for terminal protectors and a 
Sub-Division was appointed to get the necessary data and 
submit a recommendation to the Division. 


LIGHTING Division 


At the meeting of the Lighting Division held at New York 
City on April 30 the importance of the work to be done and 
a plan for accomplishing it as quickly as possible were out- 
lined briefly. The best way to do this, it is thought, is through 
Sub-Divisions, which will prepare preliminary recommenda- 
tions for the Division’s consideration before the Standards 
Committee Meeting scheduled for June 23. 
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BASES, SOCKETS AND CONNECTORS 


The Sub-Division appointed to prepare a preliminary rec- 
ommendation on this subject presented a report, which was 
accepted by the Division members present, recommending the 
following dimensions for S. A. E. Standard: 


+ 0.004 in. 


DOE, SIE onic css cassecvsows 0.596 in. 

PIE, De 6 over agcese nt cease 0.597 in. + 0.003 in. 
Sockets, Inside Diameter ........ 0.607 in. + 0.002 in. 
Sockets, Outside Diameter ....... 0.684 in. + 0.002 in. 
Diameter over base pins ......... 0.656 in. + 0.006 in. 


It is recommended that the sockets be made of approxi- 
mately No. 18 B & S gage brass tubing cut to the proper 
length, and that all base, plug and socket dimensions be 
expressed in thousandths of an inch. 


FOCUSING LENGTHS OF INCANDESCENT LAMPS 


This subject has an important bearing on head-lamp il- 
lumination, and it was the consensus of opinion that it should 
be handled with this in mind and that filament position 
tolerances should be as close as practical to permit accurate 
head-lamp focusing. It was agreed to defer all action until 
the dimensions for bases, sockets and connectors are defi- 
nitely settled by the Sub-Division having this matter in 


‘charge. 


HEAD-LAMP ILLUMINATION 


A Sub-Division was appointed to prepare an outline of 
the equipment necessary to be installed on two cars with 
head-lamps to run tests on the proposed revised specification 
of the Illuminating Engineering Society. The Society will 
cooperate in furnishing the necessary equipment. 

In making these tests it is planned to equip two or more 
cars with head-lamps adjusted to obtain the candlepower 
values given in the proposed revision of the specification for 
head-lamp illumination drawn up by the Illuminating Engi- 
neering Society. Road tests of these cars will be made near 
New York City with as many competent observers as possible 
to determine whether or not satisfactory driving conditions 
as to road illumination and glare are obtained with head- 
lamps adjusted in accordance with these specifications. Each 
car used in these tests will have a special equipment of storage 
batteries, rheostats and meters so that the lamps can be held 
at constant candlepower during the test. Photometric equip- 
ment will also be needed to adjust the candlepower of the 
head-lamps. 

The test will be made on a level, unlighted road, probably 
the same road used in the test conducted by the Illuminating 
Engineering Society. An effort will also be made to study 
the road illumination and glare with the test cars under other 
road conditions. Much of this can probably be done ih going 
to and from the test road. It is planned to have the test 
made in New York City supplemented by similar tests carried 
on by sub-committees in the following cities: Detroit, Cleve- 
land, Dayton, Indianapolis, Chicago, Lansing, Pittsburgh, 
Boston, Flint and St. Louis. 


LENS SIZES 


In discussing this subject it was the opinion of the Division 
members that any standard which might be recommended for 
lens sizes would not be operative for 12 to 15 months by 
reason of the large present investment in tools, machinery 
and stock of the different manufacturers. A recommenda- 
tion will be made by the Sub-Division at a later date after 
replies have been received from lens manufacturers. 


f Non-Ferrovus Metats Division PERSONNEL 


The members of this Division are listed below 
Charles M. Manly, Chairman 


Dr. F. O. Clements 
E. S. Eretz 
H. L. Greene 


J.J. Aull 
Dr. E. Blough 
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Tractor Division 
A meeting of the Tractor Division was held at Chicago on 
May 9. Several important subjects were discussed. 


RIMS, CLEATS AND LUGS FOR TRACTOR WHEELS 


Discussion made it clear that this subject will be difficult to 
standardize because of the very strict and varying laws in the 
United States and Great Britain relative to types and sizes of 
lugs and tires on tractors when doing road hauling. Builders 
have tried for years to standardize these parts, but have not 
yet been successful. It was suggested that probably the 
best. thing to do would be to standardize the rim punchings 
as far as possible so that the farmer could interchange lugs 
for plowing and road hauling. 

It was voted to recommend the following for S. A. E. 
Recommended Practice and if it works out satisfactorily it 


> 


can in 2 or 3 yr. be changed to S. A. E. Standard: 
Tractor Front Wheels 
PLAIN FLAT PLATE RIMS 

Width of Face, 


Wheel Diameter, Thickness of Rim, 


in. in. in. 
28 5 or 6 3 
32 5 or 6 3 
36 5 or 6 36 
42 5 or 6 3% 
46 4,5 or 6 36 


FLANGED TYPE RIMS 


28 3/16 

32 5 3/16 

36 5 3/16 

42 5 3/16 

46 4 or 5 3/16 
Note: Stock from which flanged tires are made to 


be 1 in. wider than the face of the finished tire. 


Tractor Rear Wheels 


42 8 or 10 

48 10 or 12 

54 10 or 12 

60 10 or 12 
Diameter of holes for lugs and cleats......... 11/16 in. 
Diameter of bolts for locking cleats............. 5% in. 
The Sub-Division was instructed to investigate further 


flanged rims, rim thicknesses and materials for tractor rear 
wheels. This also includes the further study of lugs and 
cleats. 

TRACTOR BELT SPEEDS 


This is considered the most important subject before the 
Division and means a tremendous saving in materials and 
service expenses if the speeds and pulley sizes can be stand- 
ardized. It was decided to have a special committee investi- 
gate and secure through personal interviews with the imple- 
ment, stationary engine and tractor manufacturers, data, 
suggestions and cooperation in standardizing belt speeds. 
Their work will.also be to conduct educational propaganda 
to present the whole subject in its true light and create a 
realization of the enormous advantages and savings to manu- 
facturers, dealers and farmers. 


HEIGHT OF TRACTOR DRAWBAR 


It was reported that the Committee of the Tractor and 
Thresher Manufacturers’ Association has sent out a ques- 
tionnaire on this subject, but it is too early to take definite 
action. The consensus of opinion is that limits for vertical 
adjustment are satisfactory at from 12 to 20 in. The ver- 
tical adjustment is of great importance to implement manu- 
facturers because of the different draft heights of implements. 

Horizontal position limits are also important and are gov- 
erned largely by the side draft which interferes with tractor 
steering and tends to upset plows and other implements. 
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TRACTOR AND IMPLEMENT DRAWBAR CONNECTIONS 


The opinion was expressed that although this subject is 
not very important for standardization, it is desirable to 
work out a uniform method of hitching implements to trac- 
tors. Present practice includes clevis, bars, chains, ropes, 
hooks, etc., which results in much loss of time, poor service 
and the necessity of having much equipment at hand. 


TRACTOR RATING 


Discussion of the present methods of rating tractors by 
operating tests indicated that such results are very unsatis- 
factory and unfair, because operation, engine, and soil con- 
ditions cannot be duplicated to any degree of accuracy. Leg- 
islation in regard to tractor rating is very important and 
serious, and a satisfactory means of rating will assist in legis- 
lation, put all tractors on a fair comparative basis and enable 
the farmer to know what the ability of his tractor really is. 

It was proposed that tractor rating should be based on a 
piston displacement of 13,000 cu. in. per min. per hp., ex- 
pressed by the formula 


0.7854 D’LRN 
13,000 

D = piston diameter in inches 

lL, = stroke in inches 

R =r.p.m. of crankshaft 

N = number of cylinders 


Rated horsepower where 


This formula is satisfactory for tractors and stationary 
engines regardless of whether burning kerosene or gasoline. 
Various mechanical arrangements would influence actual 
results a little and, it is stated, the proposed method is en- 
tirely logical and consistent. The results obtained using this 
formula are almost exactly 80 per cent of the brake horse- 
power under average good conditions, which provides the 
desired 20 to 25 per cent reserve power. 

Further discussion revealed the value of this rating in 
providing a definite satisfactory basis for good legislation, a 
simple means for comparing tractors by the farmers and in 
enabling manufacturers to determine the ability of their 
tractors as expressed by a commonly accepted formula in- 
stead of by varying tests. It was voted to recommend the 
formula for adoption as S. A. E. Standard. 

The adoption of this method of rating will make null and 
void the present Belt Power Rating as printed on page 55, 
Vol. I, S. A. E. Handbook. 


TRACTOR DRAWBAR RATING 


It was stated that practically all tests and demonstra- 
tions.show an average drawbar rating at 50 per cent of the 
tractor rating. These results cover various operating condi- 
tions and this percentage gives a very fair rating 

It was voted to recommend the following for adoption as 
S. A. E. Standard: 

Tractor drawbar rating shall be 50 per cent of the 
tractor engine, belt, horsepower rating. 

The adoption of the above method of rating will make null 
and void the present Drawbar Rating printed on page 55, 
Vol. I, S. A. E. Handbook. 


If desired, this may be expressed 
' 0.7854 D°LRN 
Drawbar rating — - 

26,000 


Rated drawhbar horsepower 375 
Drawbar pull, lb. : : 
miles per hour 
TRACTOR FLYWHEEL HOUSINGS 
It was considered desirable to have outside flanges on trac- 
tor housings, but as this is a subject concerning the engine 
manufacturers principally, the subject was referred to the 
Engine Division for further-.consideration and action. If 
they are satisfied that the present S. A. E. Standards are 
adequate, the subject can be held in abeyance. 


Truck STANDARDS Division 


A jaint meeting of the Truck Committee of the National 
Automobile Chamber of Commerce and the Division was held 
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at New York City on April 21. After some introductory re- 
marks, the Division voted to recommend that the following 
schedule of subjects be assigned to it by the Covuacil, the 
subjects being listed in order of importance. 

TRUCK BODY INSTALLATION DIMENSIONS 

This subject replaces and includes that of Frame Widths 
previously assigned and is of first importance because on 
account of lack of standard chassis dimensions manufac- 
turers and dealers are unable to furnish standard bodies. 
The recommendation is also to include dimensions of total 
frame lengths and length from back of seat to center line of 
the rear axle. The present National Automobile Chamber 
of Commerce standards of 36 and 42 in. are to serve as a 
basis for working out the standard frame widths. Two 
lengths for each model of truck are suggested, ‘the lengths 
to overlap if possible; for example, the long 1%-ton frame 
would be the same length as the short 2-ton frame. 

TRACK OF TRUCK WHEELS 

This subject has received more or less general considera- 
tion by manufacturers for some time. It is related closely to 
body installation dimensions on account of necessary wheel 
track to get a short turning radius. Conditions involved in 
the use of pneumatic tires, it was pointed out, should receive 
careful consideration in preparing the recommendation. 

The importance of this subject from a military point of 
view was emphasized. It was pointed out that in the event 
of a future war, such features in design should have been thor- 
oughly standardized as time could not be taken to do it under 
war conditions. 

SPRING CENTER DISTANCES 

As this subject is of importance in connection with Body 
Installation Dimensions, a Sub-Division was appointed to 
prepare a preliminary report on this subject. 


POWER TAKE-OFF 


This subject was previously assigned as Drive Connections 
for Loading and Unloading Devices. The Sub-Division ap- 
pointed to consider this subject will work closely with the 
Transmission Division which is also considering this subject 
from the standpoint of transmission manufacturers. 


CARRYING CAPACITY OF SOLID TIRES 


This subject has received considerable attention for some 
time from tire and truck manufacturers as well as many 
State road engineers. Data are to be obtained from tire and 
truck manufacturers covering most successful practice as to 
total load per tire, and tabulated by the Sub-Division. The 
work is to be correlated with that of the Solid Tire Sub- 
Division of the Tire and Rim Division to which it has been 
assigned. 

HUB SIZES OF WOOD AND METAL WHEELS 


In this connection it was stated that there is a tendency 
toward using steel wheels with pneumatic tires. The hub 
bore dimensions recommended for standard should be for the 
largest bearing in practice. 


TRAILER HITCHES 


A Sub-Division was appointed to prepare a recommendation 
on trailer hitches. Further cooperation is to be obtained 
from truck and trailer manufacturers and the Trailer Manu- 
facturers’ Association. 


DIMENSIONS OF FIFTH WHEEL FOR SEMI-TRAILERS 


Standardization of this apparatus is considered desirable 


to have interchangeability of semi-trailers. 
was appointed to prepare a report. 


A Sub-Division 


TRACTIVE ABILITY FORMULA 


This subject is not considered important enough for imme- 
diate consideration. There are a number of formulas in 
present use and a standard based on tractive effort per ton 
of weight would unify practice in determining drawbar 
pull, hill climbing ability and traction. This would lead to 
fuel economy which is desirable for greatest operating effi- 
ciency. It would also be of value to salesmen and a suitable 
chart could be provided for their use in referring to tractive 
abilities. 

TORQUE FORMULA FOR TRUCK ENGINES 


Engine torque rather than horsepower is generally used in 
calculating truck ability, and such a formula can be evolved 
for use in place of the present National Automobile Chamber 
of Commerce horsepower formula, and could be expressed in 
terms of mean effective pressure and piston displacement. 
Average maximum mean effective pressure for truck and 
tractor engines could then be determined by tests and torque 
ratings expressed merely in terms of piston displacement. 


BRAKE LINING SPECIFICATION 


It was suggested that a standard efficiency test for brake 
lining should be determined to cover wear and heat tests. In 
this connection it was noted that the Mellon Institute of Pitts- 


burgh is planning to investigate and test the properties of 
brake linings. 


BRAKE TEST AND BRAKE EFFICIENCY FORMULA 


To meet future legislation on this subject a standard test 
and efficiency rating should be adopted. This will also give 
engineers a truer conception of relative brake efficiency for 
various sizes and speeds of vehicles. It was suggested that 
such a standard would serve as a criterion in cases of acci- 
dent, etc. 


FOUR-SPEED GEARSHIFT POSITIONS FOR MOTOR TRUCKS 


It was stated that practically all manufacturers are agreed 
on. the three-speed transmission gearshift lever positions 
standardized by the S. A. E. in 1916. The general use of 
S. A. E. standard four-speed transmission positions was 
questioned. This subject is a review of the present Standard 
given on page 46a, Vol. I., S. A. E. Handbook. 


APPROVAL OF EXISTING STANDARDS 


A Sub-division was appointed to report on the matter of 
approving existing S. A. E. general standards as suitable for 
truck construction. A complete list of S. A. E. Standards and 
Recommended Practices has been furnished the members of 


the Sub-Division and a report should be ready for the next 
Division meeting. 


TRUCK CAPACITY CAUTION PLATES 


There was considerable discussion as to whether Truck Ca- 
pacity Ratings stamped on caution plates should indicate net 
tonnage capacity or include body weight. It was pointed out 
that body designs and requirements vary so much depending 
on the character of load, that it has not been found feasible to 
stamp the actual body weight on the plate in many instances. 
It was voted to refer the subject to a committee of the Na- 
tional Automobile Chamber of Commerce as being the proper 
organization to determine suitable practice. 
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PERSONAL NOTES OF THE MEMBERS 


Francis H. Baker has been discharged from the U. S. 
Naval Reserve Force with the rank of chief machinist’s 
mate, and has accepted a position with the Spicer Mfg. 
Co., Plainfield, N. J., as a designer. 

Ray D. Cole has resigned as engineer in the machine- 
gun department, Colt’s Patent Fire Arms Mfg. Co., Hart- 
ford, Conn., to accept a position in the engineering de- 
partment of the Norton Grinding Co., Worcester, Mass. 

George W. Cravens, who served as automotive engineer 
in the maintenance division of the Motor Transport Corps, 
Washington, has been discharged from Government serv- 
ice with the rank of major in the Reserve Corps. He will 
practice as consulting engineer, with headquarters at 
Westfield, N. J., with a branch office in New York City. 

N. W. Eagles has resigned as efficiency engineer with 
the American Car & Foundry Co., Detroit, Mich., to 
accept the position of chief engineer with the Geuder, 
Paeschke & Frey Co., Milwaukee, Wis. 

G. A. Ek has accepted the position of engineer in the 
experimental department of the tractor branch of the 
Moline Plow Co., Moline, Ill. He was formerly employed 
in the engineering division of the Rock Island Arsenal, 
Rock Island, Ill., and prior to that was a draftsman and 
designer with the Minneapolis Steel & Machinery Co., 
Minneapolis, Minn. 

Howard A. Flogaus has joined the engineering staff 
of the Maibohm Motors Co., Sandusky, Ohio. He was 
formerly assistant superintendent and tool designer with 
the Matthews Engineering Co., also of that city. 

C. H. Gleason has resigned as sales and designing 
engineer of the Kalamazoo Spring & Axle Co., Kalamazoo, 
Mich., to accept a position with the Moore Motor Vehicle 
Co., Danville, Ill. 

H. R. Lewis, Jr., has been discharged from the Ord- 
nance Department of the Army with the rank of captain, 
and has accepted the position of chief chemist and metal- 
lurgist with the Ohio Seamless Tube Co., Shelby, Ohio. 

R. A. McAlpine has been appointed production manager 
of the Duesenberg Motors Co., Elizabeth N. J. He was 
formerly chief draftsman and salvage manager for this 
organization. 

A. A. MacCallum has been appointed manager of the 
S. K. F. Industries of California, which has been formed 
to succeed the S. K. F. Ball Bearing Co. of California 
and the Western branch of the Hess-Bright Mfg. Co. 
All applications for membership should be sent to Mr. 
MacCallum at 115 New Montgomery Street, San Fran- 
cisco, his office being the headquarters for the S. A. E. 
Membership Committee on the coast. 

F. Leigh Martineau, who sailed for Europe the latter 
part of January, is now located at 15 Avonmore Road, 
London, England. 

Harry A. Miller is now with the Miller Engine & Foun- 
dry Works, Los Angeles, Cal. 

James L. Myers has been discharged from the Ordnance 
Department with the rank of captain, and has accepted 
a position as sales engineer with the Cleveland Graphite 
Bronze Co., Cleveland, Ohio. While in the Army he 
served with the engineering division of the motor equip- 
ment section and acted as supervising engineer for the 
construction of the 2'4-ton artillery tractor. 

J. H. Nead, who has been serving in the American 
Expeditionary Foree in the Ordnance Department, with 
the rank of captain, has returned to this country and is 
stationed at Washington. He has been assigned to the 
metallurgy branch of the technical staff of that depart- 
ment. 


R. L. Notman, secretary of the Militor Corporation, has 
been transferred from the plant at Jersey City, N. J., 
to that at Springfield, Mass. 

H. M. Popp, director of purchases, Curtiss Aeroplane & 
Motor Corporation, has been transferred from the Ham- 
mondsport, N. Y., plant to the Churchill Street plant, 
Buffalo, N. Y. 

Willard F. Rockwell has resigned as vice-president 
in charge of engineering and manufacturing with the 
Torbensen Axle Co., Cleveland, Ohio, to become general 
manager of the E. B. Hayes Machinery Corporation, 
Oshkesh, Wis. 

J. M. Rogers has resigned as chief engineer of the 
Alexandria Aircraft Corporation to accept a position as 
engineer with the Wright-Martin Aircraft Corporation, 
New Brunswick, N. J. 

Charles F. Rouze has resigned as general sales manager 
of the Knox Motors Co., Springfield, Mass., to accept the 
position of director of sales promotion with the General 
Motors Truck Co., Pontiac, Mich. 

F. B. Sexton has resigned as manager of sales with 
the Van Blerck Motor Co., New York City, to accept a 
position with the Murray & 
Atlantic, Mass. 

R. H. Sheeders, who was formerly assistant district 
manager of the Willard Storage Battery Co. at 
apolis, Ind., is now located with the 
Service Co., Louisville, Ky. 

E. W. Templin has accepted a position of motor truck 
engineer in the development department of the Goodyear 
Tire & Rubber Co., Akron, Ohio. He was production 
manager of the Bessemer Motor Truck Co., Grove City, 
Pa., and prior to that was assistant engineer of the Sel- 
den Motor Truck Co., Rochester, N. Y. 

E. W. Weaver, who has been in the service of the Gov- 
ernment as aeronautic mechanical engineer in charge 
of the design section, engine department, Naval Aircraft 
Factory, League Island Navy Yard, Philadelphia, Pa., 
has been discharged, and has reopened his office as con- 
sulting engineer at Cleveland, Ohio. 

Raymond N. Wing has resigned his position as aero- 
nautic engineer with the Curtiss Aeroplane & Motor Cor- 
poration, Buffalo, N. Y., and is now associated with the 
aeronautical department of the Goodyear Tire & Rubber 
Co., Akron, Ohio, where he will specialize on the develop- 
ment of dirigibles. 


7 y | | ry % 7 " 
THE VISCOSITY OF GASOLINE 

HE short tube viscosimeters which are in ordinary use 

for determining the viscosity of lubricating oils cannot 
be used with gasoline, for which it is necessary to 
employ an instrument with a much longer outlet tube. The 
Ubbelohde viscosimeter, primarily designed for kerosenes, 
appeared suited to the purpose and two instruments of this 
type were used in determining the relation between time of 
discharge and viscosity in poises. 3y a large number of 
runs with water and ethy! alcohol solutions, liquids of known 
viscosity, it was found that 


Tregurtha Corporation, 


Indian- 


Gossett Battery 


viscosity in poises = 1.438 
- 0.0000887 *#—-. 
density, g per c.c. rT 
where ¢ is the time of discharge in seconds. The published 
standard dimensions of the instrument give 0.125 cm. as the 
inside diameter of the outlet tube, but this was found to be 
0.129 in the instruments tested. The time of discharge for 
100 ec. of water at 20 deg. cent. (68 deg. fahr.) was found 


Kinematic viscosity 


iT’. S. Bureau of Standards Technologi napner N 
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to be very close to the specified value of 200 sec. It is there- 
fore suggested that 200 sec. should be retained as standard, 
but that the diameter of the outlet tube should be changed 
to 0.129 cm. 

In dealing with highly fluid liquids such as gasoline, it is 
convenient to use the fluidity or reciprocal of the viscosity in 
poises in place of the viscosity. The temperature-fluidity 
curve is very much more nearly a straight line than is the 
temperature-viscosity curve. Fluidities were found for thir- 
teen samples of gasoline and one of kerosene over a tem- 


perature range from 5 to 55 deg. cent. (41 to 131 deg. 
fahr.). These tests showed that kerosenes have a lower 
fluidity or higher viscosity than water, while gasolines, 
though varying greatly among themselves, are all more 


fluid than water. 


This is in agreement with the published 
data in regard to 


kerosene; the available information in 
regard to the viscosity of gasolines is very meager. 

It is generally recognized that the gravity test is an uncer- 
tain guide to the quality of kerosene or gasoline, if taken 
by itself without information as to the source of crude oil. 

American 


Chemical Journal, Vol. 4 


3, Dage 296 


ACTIVITIES OF S 


_ the approach of the summer season the regular 
meetings of the several Sections have been suspended 
but will be resumed in September and continue through the 
fail and winter as has been the custom. 

The elections of the Section officers for the coming year 
have been held and the names of the men who will guide the 
destinies of the local bodies until next spring are given below. 
The list is complete with the exception of the Indiana Section, 
the report not being received up to the time of going to press, 
and the Pennsylvania Section which will hold its, election on 
June 14. Photographs of the new officers will appear in the 
July issue of THE JOURNAL. 


BUFFALO SECTION 
Chairman, E. T. Mathewson 
Vice-chairman, Hugh R. Corse 
Treasurer, Harry House, Jr. 
Secretary, Roger Chauveau,, 
1100 Military Road, Buffalo, N. Y. 
CLEVELAND SECTION 
Chairman, H. C. Snow 
Vice-chairman, H. H. Newsom 
Treasurer, K. B. Britton 
Secretary, A. E. Jackman, 
1900 Euclid Avenue, Cleveland, Ohio 
DerTROIT SECTION 
Chairman, W. A. Brush 
Vice-chairman, E. G. Gunn 
Treasurer, E. W. Seaholm 
Secretary, Ralph H. Sherry, 
121 Hazelwood Avenue, Detroit, Mich. 


VMIETROPOLITAN SECTION 

Chairman, A. C. Bergmann 
Vice-chairman, C. F. Scott 
Treasurer, L. G. Nilson 
Secretary, A. M. Wolf, 

114 East Sixteenth Street, New York City. 

Mip-West SEcTION 

Chairman, Dent Parrett 
Vice-chairman, G. W. Smith 
Treasurer, Francis W. Parker, Jr. 
Secretary, C. S. Rieman, 

Sixty-First Street and Archer Avenue, Argo, III. 


This was confirmed by the tests on gasolines, their order 
arranged according to densities being quite different from 
that when arranged according to fluidities. A fractional 
distillation is often used as a substitute for or a supplement 
to the gravity test, and this gives valuable information. It 
requires, however, more complicated apparatus and greater 
skill than are needed to test fluidity. Furthermore, the close 
relation between fluidity and vapor pressure, which has been 
pointed out by Binghan,,’ leads to the conclusion that fluidity 
may be an extremely good criterion for volatility. 

Bingham gives tables of fluidities of various pure chemical 
compounds over a wide range of temperatures, and these 
tables were used to compare the fluidities of the, thirteen 
gasolines with those of the aliphatic hydrocarbons. It was 
found that ordinary commercial gasoline, as now sold for 
use in automobiles, has a fluidity between that of heptane 
and hexane. The temperature-fluidity curves of these gaso- 
lines were nearly straight and parallel, so that the order of 
the different gasolines, arranged according to fluidity, would 
be nearly independent of the temperature considered. It is 
suggested that the specification of the fluidity at two tem- 
peratures might serve to define a desired grade of gasoline. 


A. E. SECTIONS 


MINNEAPOLIS SECTION 
Chairman, J. L. Mowry 
Vice-chairman, A. W. Scarratt 
Freasurer, J. S. Clapper 
Secretary, C. T. Stevens, 
11 South Ninth Street, Minneapolis, Minn. 

At the May meeting of the Minneapolis Section, which 
was held on the 7th, a paper on “Tractor Sales and Service” 
was presented by P. E. Nelson of the Minneapolis Steel & 
Machinery Co. 

On May 23 W. T. Fishleigh addressed the Detroit Section. 
His subject was “An Automotive Nation Victorious and Its 
Prime Demands Upon Manufacturer, Engineer and Educator.” 
The meeting was preceded by a prosperity dinner. 

At the May meeting of the Midwest Section, held on the 
9th, William B. Stout spoke on “New Aircraft Development.” 
A second paper on the “Development in Burning Kerosene as 
Motor Fuel,” was presented by O. E. Szekely, chief engineer 
and production manager of the Velie Motors Corporation. 

The “Four-Wheel-Drive Truck” was the subject discussed 
at the May meeting of the Metropolitan Section on the 22nd. 
G. W. Dunham and L. C. Freeman, both of whom were re- 
sponsible for the design of the Militor four-wheel-drive truck, 
were the speakers, and the discussion which followed was 
participated in by a number of prominent men in the motor 
truck industry who are acquainted with this particular type 
of drive. The operation and capabilities of this principle 
of drive were depicted in a series of motion pictures. “ 

The May meeting of the Pennsylvania Section was omitted 
and the next meeting will be held on June 14. It is planned 
to hold the meeting at Wilkes-Barre and combine it with 
an excursion to the plant of the Sheldon Axle Co. The ten- 
tative arrangement provides for special sleeping cars to 
leave Philadelphia on the night of Friday, June 13. The 
next morning will be given over to a visit to the Sheldon Axle 
Co.’s plant and a business meeting is scheduled for the after- 
noon when the officers for the ensuing year will be elected. 
The nominations for the various offices are Chairman, A. K. 
Brumbaugh; Vice-chairman, C. A. Musselman; Treasurer, 
W. H. Sackman, and Secretary, G. W. Smith, Jr. A paper 
on “Tractor Axles” will probably be presented at the meet- 
ing on Saturday afternoon. An entertainment will be given 
the Section by the Sheldon Axle Co. in the evening, and on 
Sunday morning an automobile trip over the mountains will 
be taken. The return trip to Philadelphia will be made on 
Sunday afternoon. 
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Applicants 
for 


Membership 





The applications for membership received between 
April 30 and May 26, 1919, are given below. The 
members of the Society are urged to send any perti- 
nent information with regard to those listed which 
the Council should have for consideration prior to their 
election. It is requested that such communications 
from members be sent promptly. 


a 


ADLER, H. G., draftsman, Duplex Engine Governor Co., Brooklyn, 
me 2- 

ALLINGHAM, HENRY W., consulting production engineer, Cheshire, 
England. 

ARMSTRONG, FRANK T., sales engineer, Wagner Electric Mfg 
Co., Detroit, Mich 

“ARNOLD, ALBERT, foreman, Gray Motor Co., Detroit, Mich 

BALDWIN, J. E.. New York manager, Buffalo Gasolene Motor Co., 
Buffalo, N. Y. 

Batry, EpwWarp G., draftsman, Allison Experimental Co., Speedway 
Indianapolis, Ind. 

BAXTER, HAROLD A., metaHurgical engineer, Tacony Steel Co., 
Tacony, Philadelphia, Pa. 

BEMAN, RALPH, standardizing engineer, National Lamp Works of 
General Electric Co., Nela Park, Cleveland, Ohio 

Borvin, Luoyp C., automobile electrician, DeBerry Brothers & Ben- 
nett, San Francisco, Cal. 

Bropvigz, RALPH N., production engineer, Skandia Pacific Oil Engine 
‘ ‘ > 
Ca., Oakland, Cal. 

CARLSON, AMEL R., assistant general manager, Commonwealth 
Motors Co., Chicago, Ill 

CARRON, HAROLD G., salesman, Electric Storage Battery Co., 
delphia, Pa. 

Coy, Harris S., time study and efficiency, Remy Electric Co., Ander- 
son, Ind. 

Dato, EDWARD A., assistant experimental laboratory engineer, gas 
engine department, International Harvester Co., Chicago, Ill 
DAVIS, WINSOR R., member of board of directors and publicity man- 

ager, Packard Engineering Co., Inc., Cleveland, Ohio 

pz GUICHARD, BASIL W., assistant general manager, Champion Ig 
nition Co., Flint, Mich. 

DENT, J. GRANT, assistant farm motors instructor, mechanical lab- 
oratory, agricultural engineering division, University of Min- 
nesota, University Farm, St. Paul, Minn 

DIAMANT, NICHOLAS S., experimental engineer, Harrison Radiator 
Corporation, Lockport, N. Y. 

pu Pont, E. PAUL, president, manager and chief engineer, Delaware 
Marine Motor Co., Wilmington, Del 

EASTON, RoBerT O., designer and draftsman, Monarch Tractor Co 
Watertown, Wis 

FRANKE, OTTro W., designer, Detroit Accessories Corporation, Detroit, 
Mich. 

FRIEDRICH, CHARLES P., aeronautic draftsman, Naval Aijircraft 
Factory, League Island, Navy Yard, Philadelphia, Pa 

FURUSAWA, TAKESHI, professor, Tokyo Automobile College, Tokyo, 
Japan 

GARDINER, DANIEL D., assistant Army ordnance inspector, Trego 
Motors Corporation, New Haven, Conn 


Phila- 


GARNER, JAMES PARKER, engineer and general manager, Henry 
Garner, Ltd., Moseley Motor Werks, Birmingham, England 
GILLES, PIERRE P., consulting and chief engineer, Rastian-Blessing 
Co., Chicago, Ill. 

HAGELTHORN, G., vice-president and general manager, Atlas Ball 
Co., Philadelphia, Pa 

Hecy, Capt. Harry 3., Ordnance Department, officer in charge of 
inspection, Locomobile Co. of America, Bridgeport, Conn 


HENKEL, HERMAN, assistant laboratory engineer, tractor works 
International Harvester Co., Chicago, Il 


HERMAN, KENNETH R., chief draftsman, Kimball Motor Truck C¢ 
Los Angeles, Cal. 


HoLutoway, J. H., engineering experiment station staff, Purdue 
University, Lafayette, Ind 


HorackK, CARL W., head tool-design checker, Pan Motor Co. § 
Cloud, Minn. 
HUBLEY, FRANCIS C 
Ardmore, Pa. 
Huston, PauL W., sales representative, Bock Bearing Co., 

Ohio. 


JEFFERIES, ZAY, director of research, Aluminum Castings Co., Cleve- 
land, Ohio 


JENSEN, S. H., mechanical engineer, Monarch Governor Co., Detroit 
Mich. 


KURRASH, ( 


engineer in sales department, Autocar Co., 


Toledo, 


A., assistant engineer, Rich Tool Co., Chicago, Ill. 


LANDGRAF, JAcoB T., mechanical engineer, Hummer Engine Works 
Jackson, Mich. 


McCarty WILLIAM F., chief engineer, Defiance Machine Works, 
Defiance, Ohio. 

McINTyYRE, J. J., general manager, Cleveland Graphite-Bronze Co 
Cleveland, Ohio 

MAHONEY, JOHN P., general purchasing agent, Buda Co., Harvey, [Il 

MASSEY, MARK F., mechanical draftsman, Root & Vandevoort En 
gineering Co., East Moline, Ill. 

MENHALL, JAMES W., president and general manager, 
Trailer Co., Edgertown, Wis 

MERRITT, HAROLD W., chief draftsman, Duplex Engine Governor Co 
Inc., Brooklyn, N. Y. 

MoJjzis, PETER, superintendent, Winther Truck Co. of New York 
Inc., New York City. 

MurRPHY, R. J., general manager and treasurer, District Oakland Co., 
Washington. ‘ 

NATHAN, WALTER S., mechanical engineer, Cutler-Hammer Mfg 
Co., Milwaukee, Wis. 

NORMAN, FRANK E., 
Co., Wabash. Ind 

OLSEN, GEORGE FREDERIC, superintendent of refineries, 
Co. of California, Olewm, Cal 

PALM, GEORGE H., machine designer, Tractor Works, Internationa] 
Harvester Co., Chicago, Ill 

PARSONS, ENSIGN RALPH MONROE, aviation officers material branch, 
gas engine school, Columbia University, New York City 

PETERSON, CARL H., president, Iron Mountain Co., Chicago, Ill. 

PEPER, WALTER S., second class machinist mate, U. S. Naval Reserve 
Flying Corps (mail) 469 Fourth Avenue, Long Island City 
| a 2 

PROKOFIEFF, IvAN M., chief engineer and manager, Aksai Machinery 
Corporation, Russia (mail) 52 New Lawn Avenue, Arlington. 
N. J : 

RICHARDS, W. V., sales engineer, automotive division, Wagner Ele« 
tric Mfg. Co., Detroit, Mich 

SCHWARTZ, HARRY A., 
Defiance, Ohio 

SCHULT, PAUL F 


Highway 


district sales manager, Service Motor Tructh 


Union Oil 


assistant engineer, Defiance Machine Works, 

draftsman, Packard Motor Car Co., Detroit. Mich 

STANDARD, W. L., manager of lubrication oil department and assist 
ant manager of stations, Union Oil -Co. of California, Lo 
Angeles, Cal. 

STRIEDER, EDWARD H., repair man, White Co., Cincinnati. Ohio 

TAYLOR, Louis E., heat treatment department, 
poration, New Haven, Cohn 

*TEMPLE, HERBERT A., 
Car Co.,. 


Trego Motors Co 


: member of engineering staff, Oakland Motor 
Pontiac, Mich 


TOBIN, BENJAMIN F., JR., assistant to production manager. Cont 
nental Motors Corporation, Detroit, Mich 

TOWNSEND, R. A., assistant plant manager, Perfection Spring Plant 
Standard Parts Co., Cleveland. Ohio 

VINCENT, EDWARD H., chief engineer, Detroit 
poration, Detroit, Mich 

Watt, W. WALTER, automobile distributer. P. 0 
N. S., Canada 


Steering Whee Cor- 


sox 361, Halifa e. 


WaATTERSON, C. E 
Ohio 

WHITE, A. RAYMOND, engineering draftsman, Service Motor 
Co., Wabash, Ind 

WINCHESTER, J. F., automotive engineer 
Standard Oil Co., Newark, N. J 

WtRRER, G., chief inspector, Internatior 

Woop, GERRIT V. W., sales engineer 
Co., High Bridge, N. J 

WoORDEN, VAN C 
York City 


president, Sheffield Machine & Too Co., Dayton 


Truck 


and equipme 


it manager, 


al Motor Co Plainfield, N. J 
Taylor Wharton Iron & Steel 


engineer, Stromberg Motor Devices Co Neu 








Vol. 1V 


June, 1919 


No. 6 











Applicants 
ualified 


The following applicants have qualified for admission to 
the Society between April 15 and May 15, 1919. The vari- 
ous grades of membership are indicated by (M) Member; 
(A) Associate Member; (J) Junior; (Aff.) Affiliate; (Aff. 
tep.) Affiliate Representative; (S. E.) Student Enrollment, 
(F. M.) Foreign Member; (S. M.) Service Member. 





ANDREWS, EDWARD F. (M) president ang manager, Universal Engi- 
neering Co., Maywood, Chicago, Ill. (mail) Maywood, Ill. 
BARNES, Ross, J. (J) draftsman, engineering department, Service 
Motor Truck Co., Wabash, Ind. (mail) South Milwaukee, Wis 


BEEDE, Ray L. (A) vice-president and manager, Souther Motor Co, 
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COURSE IN MODERN PRODUCTION METHODS By 
John Calder and associates. Published by the Business 
Training Corporation, 185 Madison Avenue, New York 
City. Cloth, 4% by 7 in., six volumes of 125 to 150 pages 
each. 

The place of training in industry, while not adequately 
established, is being clearly recognized. We have for em 
ployes developments of apprenticeship systems, “vestibule’”’ 
schools and various types of training in connection with 
scientific management. Every industrial executive has re- 
alized more or less keenly how much of his effectiveness really 
depends on the foreman, who has it in his power to make 
or mar almost any program of the management; not only 
in matters of the mechanical phases of production but in 
the personnel phases. Just as the solution for the ineffi- 
ciency of employes is training so it is for foremen. They 
should be trained in the principles of foremanship. 

The urgent need of such a course of training foremen 
has now been met. The six volumes are used as a basis for 
six “units” of actual training. The course is installed in 
a plant by organizing a group of the foremen into a study 
class under one of the executives. The men study the text 
in their spare time and review their work with the aid of 
quiz questions, each unit taking about 2 weeks. 

The volumes are worked out around a logical outline which 
is comprehensive in scope and helpful in detail. No phase 
of the subject is neglected, the aim being to develop the 
more technical abilities of the students as well as their 
personal qualities of leadership. The volumes are written 
in a cheerful and inspiring way and from the viewpoint of 
the foreman. While the material is presented in a manner 
easy to understand and follow and is interestingly illus- 
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trated, it is nevertheless accurate and authoritative. The 
principles expressed are sound. Above all, everything is 
taught in a practical as well as inspirational way and 
the men are encouraged to put into effect the points they 
learn. 

The first unit takes up “Teamwork” and deals with gen- 
eral industrial principles such as the development of modern 
industry; the factors in present-day production; the organiza- 
tion of a business; quantity production; specialization; the 
essentials of a good factory team; the elimination of waste; 
relations between departments; qualifications of foremen, 
works superintendent and manager. A strikingly valuable 
part of this unit is that in which the student learns how to 
estimate himself and rates his qualities to discover which need 
developing. The qualities needed in a foreman are analyzed 
and with the help of charts and thorough scientific tests, the 
student is shown how to rate himself. 

The second unit deals with the subject of “Handling Men.” 
Such topics are covered as factors in influencing men; stimu- 
lating individual industry; handling special types of labor; 
discipline in the shop and “the other man’s viewpoint.” 
Personal relations are discussed in an illuminating way and 
specific types of employes and their characteristics studied. 
Wages and other labor conditions are treated in a practical 
way. “Organization” is the subject of the third unit. The 
subjects taken up being organization charts; how organiza- 
tions work; the factory “team”; labor turnover, its cost and 
eduction; hiring and firing; selecting, training and super- 
vising employes; helping men develop themselves; team spirit 
and its promotion. Human relations in their broad aspects 
as well as in their intimate phases such as safety and sani- 
tation, welfare work and its application are covered in an 
understanding way. 

The other units take up the more mechanical sides of 
production. The fourth, “Machinery and Materials,” deals 
with plant planning and layout; shop organization; sources 
of materials; purchasing, stockkeeping and storeskeeping; 
routing; deterioration and spoilage, etc. The fifth unit 
studies “Production Records.” The student is emphatically 
shown the importance of proper records and how to handle 
them. He learns the necessary principles of cost-accounting, 
cost-finding, summary auditing and the overhead distribution 
of costs; requisitions, inventories and store records; labor 
records, job and pay tickets and graphic production control. 
The last unit considers management in its larger aspects and 
reviews all the problems of the course with the aid of the 
knowledge already acquired. Some important subjects are 
taken up in greater detail or more complex illustration. 

There is no doubt that the needs of industrial training as 
applied to foremen have been adequately met in this course. 
Such a means of training presents many advdntages and 
enables the work to be carried on with the maximum of 
benefit to the men and to the organization with the minimum 
of interruption and difficulty. This course is a really scien- 
tific solution to a complex industrial situation and its authors 
have rendered industry a real service. 
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1919 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


4 


The ball bearing’s work consists in reducing friction, eliminating wear, and increas- 
ing durability. In these respects the high grade ball bearing has no equal. 


The largest assortment of types and sizes in America. 


THE FAFNIR BEARING COMPANY 


Conrad Patent Licensee 


| DETROIT Office: 752 David Whitney Bldg. New Britain, Conn. CHICAGO Office: 1301 So. Michigan Ave. 
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70 PLUGS 


PPPRO RRO PERMMEEUPERURCSTECRREEGRECOLIEDTEL - 


GENERATOR 


The simple and dependable Magneto System 


omer 


ee 
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The complicated Battery System 
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Dependability 
Always the gauge of the Automobile 


Tea 2 ae cE cone eat eel 
Pn a Ps Somme eae aE SE 


Into the furthermost corners of the 
world magneto ignition has carried 


the reputation of the Ford for depend- 
ability. 


Pewee sare RM a ae 


That is what sells cars, dependability, 
not price. No matter what a car may 
cost, it is always judged upon its de- 
pendability. 


| 
| 


Here is proof of it—here is a man 
who would rather own the lowest 
priced car of all; with magneto igni- 
tion, than a more expensive car with 
battery ignition. 


Se ec nee Sees er eet 


As always, magneto ignition supplies 
the dependability that is lacking in 
battery ignition. 


, Electrical Co., Newark,N.J. 
Sumter Division, 1466 Michidan Ave. Chicago 


Manufacturers of AERO, DIXIE and SUMTER Magnetos, Oscillatin¢ Ma¢netos and Starter Couplings 
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The Purpose of the 
Gray Motor Com- 
pany isto produce 
one highly special- 
ized motor of a 
quality and ata price 
that will enable the 
assembler to com- 
pete successfully 
with the big, highly 
organized manufac- 
turers in the auto- 
mobile, truck and 
tractor field. 


The Gray Victory Motor is a 
34g x 5—4 cylinder, valve-in- 
head modern gasoline 
motor, designed to use the 
prevailing low grade gasoline 
or even kerosene ef ficiently 
and satis factorily. 


GRAY MOTOR CO. 


2200 MACK AVENUE 


DETROIT, MICH. U.S.A. 
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er 
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ye O accomplish the Gray 
purpose, we have added to 
our twenty years of experience 
in building constant duty gaso- 
line motors, the best produc- 
tion and engineering skill that 
was possible for us to obtain in 
the automobile market. 


We have acquired eighteen 
acres of land in the heart of the 
the manufacturing district of 
Detroit, and have equipped a 
plant to build this motor with 
the latest engine building ma- 
chinery, and we are producing 
a motor by the most approved 
and up-to-date manufacturing 
processes. 


To further assure you the utmost 
in good motors, we have secured 
Mr. Wm. A. Blackburn as general 
manager of the Gray Motor Com- 
pany. His experience as factory 
manager of the Cadillac Motor Car 
Company, justifies you in trusting 
him with the building of your 
truck, tractor or automobile motor. 
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G & K LINK “V” 
BELT ON 
COMBINATION 
FAN AND 

PUMP DRIVE 


G & K Link “V” Belt in operation on a Premier 
Motor car, fan and pump drive—reproduced 
from actual photo. 





G & K Link “V” Belting has been pronounced entirely satisfactory by the Premier Motor 
Corporation, Indianapolis, Indiana, and Premier passenger cars are equipped with G & K 
Link ““V"’ Belting as shown in illustration. 


The belt shown above is doing double duty. Besides driving the fan, it is also driving the 
power plant which pumps the water throughout the cooling system. 


G & K Link “V” Belting is made up of a combination of leather fibre and steel links 
and is so constructed that the steel and fibre links carry the strain, the leather links only 
coming in contact with the pulley to present the required friction surface. Due to its con- 
struction, this type of belting is very pliable. It can be made endless or shortened easily 
and without the use of special fasteners or cement. 


G & K Link “V” Belts may be found on thousands of automobiles throughout the country 
- doing their work day in and day out. The answer is simple. They stand up under the 
strain of severe service and have a maximum pulley grip. They are also recommended for 
ice machines, blowers, and direct motor drives. 


Write for a copy of our “‘V’’ Belt Data Book for Automobile, Fan and Generator Drives 


THE GRATON & KNIGHT MFG. CO. 


Worcester, Mass. 


ie Makers of Block and Solid “V” Belting, 
— Spartan Flat Fan Belts and Automobile 


ae GR Leathers sates 


Branches in Principal Cities 
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America’s Stand- 
ard Truck Motor. 
Look for the Red 
Seal Nameplate. 
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This Seal when 


sorder, 


Today, when economy and sureness of operation are of 


cOnsideration to the motor. 


He requires a motor of proved dependability—a motor that has 
It must 


been thoroughly tested under every condition of service. 
possess power, endurance and, above all, reliability. 


Most often, therefore, he looks for the Red Seal Continental 
le knows the Continental’s record of past performance; he 
by hun- 


ates its dependability, proved during a decade and a half 
dreds of thousands of owners 


He knows, too. that the Red Seai Continental Motor is the 
of more than 165 successful manufacturers of passenger cars and 
trucks; that upwards of 16,000 dealers base their business pros- 
»erity on Continental motored cars. Accordingly, when he 
of thes¢ 


a motor, he wisely guides his decision by the judgment 
| owners, manufacturers and dealers 


ind make sure of satisfaction. 


Offices: 
Detro't, Michigan ® 


Largest Exclusive Motor Manufacturers in the World 


Factories: 
Detroit—Muskegon 








nn es 
ee er Pa eer 
mer Terr TT 


a 
f a 


shown on 
Continental Motor Name 
plates has a Red Circle 


Look first to see if it has 
the Red Seal Continental Motor. 


primar\ 
importance, the man who buys a truck or autombile gives first 


| ook for the Red Seal on the motor in the car or truck you buy— 


CONTINENTAL MOTORS CORPORATION 


[(ontinental Motors 


STANDARD POWER FOR AUTOMOBILES, TRUCKS AND ARACTORS 


ENGINEERS 





Motor. 
appre- 


choice 


selects 





America’s Standard Pas 
senger Car Motor. Look 
for the Red Seal Name- 
plate 
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You Can’t Drive Spikes 
With a Tack Hammer 
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Heavy duty work needs heavy duty equipment. 


Such was our belief four months ago when we announced our 
line and our policies. That belief is unchanged today. 


The welcome given these 


HINKLEY 





HEAVY DUTY | AUTOMOTIVE 


ENGINES 


—a welcome backed by orders to the full capacity of our present 
plant—has proven so clearly the demand for engines like these 
that we feel confident in making a number of predictions. 


We predict that every success- 
ful 1920 heavy duty automotive 
engine will embody— 

Three-point suspension. 

Detachable cylinder heads. 

Full force-feed oiling sys- 
tem through hollow crank- 
shaft. 

Provision for electric light- 
ing and starting. 

A hot-spot device of the 
rams-horn type. 


At least twenty other fea- 
tures of the Engines we are 
now building—features even 
so intimate as mounting 
dimensions. 


HINKLEY MOTORS 


918-34 West Fort Street 


Export Department, American Motors, 


We predict, in short, complete 
new lines for engine manufac- 


turers—a reorganization of this 
field. 


Nor are we in the least per- 
turbed by the competitive factor 
thus imposed on us. We are 
building these modern engines 
today—not six months hence. 
And no copyist, however faithful 
can reproduce the engine char- 
acter we build into our product. 


Within a few weeks we shall 
add two or three manufacturers 
to the list we are now beginning 
to serve. Are you interested in 
this new source of modern engine 
supply ? 


CORPORATION 
Detroit, Michigan 


Inc., 100 Broad Street, New York City 
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The Powerful Weidely 
Motor is Equipped with 
Mogul Bearings 


Here is another instance where an engine which 
has madean enviablereputation byits performance 
.. is fully equipped with Mogul Motor Bearings. 














Mogul Bearings are designed and built with a 
full realization of the service they must render 
in a tractor engine. 














They are Tractor Bearings in the full sense 
of the word. 


This is why an ever increasing number of motor 
manufacturers specify Mogul Motor Bearings. 


Muzzy-Lyon Company, Ltd. 
Detroit, Michigan 
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| XA No Clogging 


'HE Individual Tubes which compose this 


core are all made with precisely the same 
walls and expanded ends. When these tubes 
are joined, the water spaces are absolutely uni- 
form through the entire core. The circulating 
spaces are free from the variations in width 
characteristic of ribbon type radiators and their 
consequent tendency to clog. 


This Radiator affords horizontal, diagonal 
and vertical circulation, and should any foreign 
substance get into it in large enough size or 
quantity to fill the space between tubes, the 
stoppage is strictly localized, and circulation 
continues around the clogged area, instead of 
putting an entire vertical section out of com- 
mission as in other types. 


This fact, in connection with its Direct 
Cooling feature assures 100% Cooling Eff- 
ciency for the Fedders Genuine Honeycomb 
Radiator, and is one of the reasons why the 

U. S. Government standardized this type for 

aeroplanes—the severest of all service. Fur- 
nished in any width or height and with a depth 
of from two to four inches. 


Write and let us tell you of several 
more exclusive features of this Radiator 


Fedders Mfg. Co., Inc., Buffalo, N. Y. 
INFRINGEMENT NOTICI This radiator is fully éred | 
patents and we will vigorously d | t st its wo 

tuthorized m¢ nuyacture, sale or 
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Study This List 


of Tractor Manuv- } 
facturers Specifying } 
Bennett Equipment Sa 

paisa Mfg. 
: o. 


Amer.Eng.&Trac.Co. 
Appleton Mfg. Co. 
Aulson Tractor Co. 
Aultman-Taylor Co. 
Automotive Corp. 
Avery Company 
Baker Tractor Co. 
Beltrail Tractor Co. 
Besser Mfg. Co. 

- Best, C. L., Co. 
Bethlehem MotorsCo. 
Blumberg Motor 


Mfg.. Co. 
Boring Tractor Co. 
Buckeye Mfg. Co. 
Buckeye Traction 

Ditcher Co. 
Bullock Tractor Co. 
Chase MotorTruckCo. 
Coleman Trac. Corp. 
Columbus Tractor Co. 
Craig Tractor Co. 
Dart Tractor Co. 
Dauch Mfg. Co. 
Dayton-Dick Co. 
Detroit Tractor Co. 
Downes, P. J., Co. 
Eagle Mfg. Co. 
Electric Wheel Co. 



















The Accepted 
Standard 


tudy the list of users of 

Bennett Equipment. 
It includes practically 
every tractor manufac- 
turer. 














Elgin Tractor Corp. 
: Emerson-Branting- 
3 ham Co. 
Engel Aircraft Co. 
Fageol Motors Co. 
Farquhar, A. B., Co. 
Four-Drive Trac. Co. 
Frick Company 
Galloway Company 
Gile Trac. & Eng. Co. 
Gilson Tractor Co. 
Goold, Shapley & 
Muir Co. 
Gray Trac. Co., Inc. 
Great West. Trac. Co. 
Hession Tractor Co. 
Huber Mfg. Ce. 
Illinois Tractor Co. 

. T. Tractor Co. 
Joliet Oil Trac. Co. 
Kansas City Hay 

Press Co. 
Kardell Tractor Co. 
Keck-Gonnerman Co. 
Kehl Tractor Co. 
La Crosse Trac. Co. 
Lang Tractor Co. 
Leyner, J. Geo., Co. 
Los Angeles Trac. Co. 
Massey-Harris, Ltd. 
Mpls. Steel & Mch.Co. 
Moline Plow Co. 
Monarch Tractor Co. 
Monarch Tractor Co., 





Gray Tractor 













Bennett Equipment is a 
guarantee of longer life and bet- 
ter service in a tractor. The 
Bennett Carburetor Air Cleaner 
protects the tractor from being 
cut to pieces by dust and sand. 
It is made in a size for every 
make carburetor. 















































The Bennett Kerosene Car- 
buretor has solved the problem 
of using kerosene successfully 
for tractor fuel. For eight years 
it has been a vital factor in the 
success of the leading kerosene 
tractors 
















Ltd. 
National Tractor Co. 
Nilson Tractor Co. 
Ohio General Trac- 
tor Company 
Ohio Mfg. Company 
Peoria Tractor Co. 
Pioneer Tractor Co. 
Post Tractor Co. 
R. & P. Tractor Co. 
Reed Fdry.&Mch.Co. 
R. I. Plow Co. 
Royal Motors Co. 
Russell & Company 
Savidge Tractor Co. 
S. W. H. Eng. Co. 
Square Turn Trac.Co. 
Star Tractor Co. 
Strite Tractor Co., 


Nilson Tractor 

































Insist on Bennett Equip- 
ment. 





Inc. 
Topp-Stewart Trac- 
say tor Co. 

Bis Traction Motor Co. 


WILCOX - BENNETT CARBURETOR Delon Tetcs. 
COMPANY 


















cen Tractor Co., 
ne. 
Velie Motors Corp. 
Wallis Tractor Co. 
Waterloo Gasoline 
Engine Co. 
Wichita Tractor Co. 
Wisconsin Trac. Co. 
Yuba Mfg. Company 














Specialists in Kerosene Carburetors 


MINNEAPOLIS MINNESOTA 















Uncle Sam Tractor 


See oe Pale 
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Why Start 
a Tractor 


This Way 


HY pull and tug—strain yourself—run the risk of a broken 
arm in cranking a great, high compression tractor motor, 
when there is such an easier, simpler way? 


Remy starting equipment makes the most powerful tractor motor 
as easy to start as any modern automobile. Just turn on a 
switch—the motor is spun—the power begins—and your tractor 
is ready for work. 





First, Remy starting equipment effects an actual money saving. 
Ordinarily, when stopping your tractor to fix the plows, fill the 
seeder, fix the binder, fill the radiator tank, etc., you let the engine 
run idle rather than stop it and go to the hard work of starting it 
again. The actual saving of fuel cost effected in this way amounts 
to many dollars during the season. 

Second, with the Remy starter a boy can handle the tractor 
continually throughout the day’s work. This effects a very 
appreciable saving in labor. 

And beside all this, the electric lighting feature of Remy equip- 
ment doubles the daily capacity of the tractor; while the Remy 
electric governor-generator keeps the engine running at even 
speed under all loads, and makes it impossible to use more fuel 
than is required for the job at hand. 

Remy starting, lighting and ignition systems are standard 
on the Moline Universal tractor. You can secure Remy equip- 
ment on your tractor if it is equipped with the later models 
of Buda, Waukesha, Beaver, Wisconsin, R. & V. or Erd motors. 
Write for full particulars. 


REMY ELECTRIC COMPANY 


Tractor Equipment Division, Chicago 
Motor Equipment Div., Detroit Factories: Anderson, Ind. 


When You 
Can Start It 
This Way 
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No. 5 
Inside Facts That 
Prove Bosch Supreme 





BOSCH 


Interrupters Assure 


si* PP 6 “ 4 Pa 
it ae Absolute Synchronism 

b | VERY ignition system depends upon the efficiency zs 
of its interrupter or contact breaker. 

The final results obtained from the engine are determined largely he 


by the synchronism, speed, accuracy, longevity and the spark 
intensity of its ignition system, which in turn are determined by the 
precision with which the interrupter performs its exacting functions. 



















The Bosch Interrupter is unsurpassed for precision; it is the result 
of two decades of ignition study. That its design is ideal is proved 
by the fact that it is the prototype of practically all contact 
breakers in use today. It is the standard of the world. 


~ ee 


The Bosch Interrupter meets successfully every condition that 
ignition systems have to face. It is perfectly balanced; it will 
operate at any angle; centrifugal forces work in harmony with it; 
even at the highest speeds, contact is made and broken perfectly 
and sharply; no strong springs are needed; the liberal platinum 
roints used are not hammered or wasted. 


Its solid construction includes, besides watch-like workmanship, 
the use of the finest material, carefully fashioned into a well-balanced, 
perfectly functioning mechanism of lasting strength and service. 


It requires no oiling or other regular attention. 
As the keystone of an ignition system, the Bosch Interrupter is 


typical of the high ideals embodied in the unit it serves—the Bosch 
Magneto, America’s Supreme Ignition System. 


To assure the air of quality and confidence, equip or sell your 
products with Bosch Magneto Ignition. 





Be Satisfied. Specify Bosch. 


AMERICAN BOSCH MAGNETO CORPORATION 


Main Office and Works—Springfield, Mass. 
Branches—New York, Chicago, Detroit, San Francisco 
Service Stations in over 200 Cities 
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AMERICA’S SUPREME IGNITION SYSTEM 
MOTOR TRUCKS - TRACTORS - AIRPLANES - MOTOR CARS - MOTOR BOATS - MOTORCYCLES - GAS ENGINES - ETC 


© AMERICAN BOSCH MAGNETO CORP'N. 1918 + 
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. The WINTON SIX 
is noted for its beauty, 
style, comfort, power, 
quietness and endurance 
“where quality prevails’. 


All WINTON SIX cars 
have been equipped with 
Morse front end drive 
for the past three years. 


MorsE CHAIN Co. 
ITHACA, N. Y. 
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HOSE who pay careful 
attention to values find 
that cars and motor trucks 
equipped with Bower Bear- 
ings show less depreciation. 
The bearings are always 
found in good condition, and 


other parts of the car or 
motor truck are also likely 
to have suffered less when 


Bower Bearings have been 
used. 
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‘GRAY & DAVIS | 
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Quality Equipment 


1D ASDA ALA 
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a 


DEPENDABLE electric system 

is of utmost importance. Elec- 

tric equipment must be correctly 
designed and precisely built. A system 
bearing the name “Gray & Davis” 
assures the owner of efficient per- 
formance at all seasons, under all con- 
ditions. Essentially a quality system 
for quality cars. 
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GRAY & DAVIS, INC. 


BOSTON MASS. 
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Standard Bearings will withstand 
greater overloading 


The design allows for more balls than any other bearing, making 
possible a smoother and more even distribution of the load. 


This standard principle of load distribution, backed by exacting 
selection of materials, and by scrupulous accuracy of workmanship, 
has produced a bearing of much greater strength and longer life. 


STANDARD ROLLER BEARING CO. 
PHILADELPHIA, U. S. A. 


SALES OFFICES: 


Detroit, 936 Woodward Ave. Indianapolis, 646 N. Meridian St. Boston, 84 Brookline Ave. 
Chicago, 2206 S. Michigan Ave. New York, 1737 Broadway Cleveland, 2062 Euclid Ave. 
San Francisco, 41 Spear St. St. Louis, 3126 Locust St. 


17 


Makers of SRB Annular 
Ball Bearings, Taper Roller 
Bearings, Steel Balls and 
Rudge - Whitworth Wire 
Wheels. 
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PHILIPS-BRINTON CO. 
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What You Can Do With Low-Grade Fuel 


he gasoline you get now- 
adays is slow. going, 
temper trying. Its re- 
sponse to the average 
spark is half-hearted— 
phlegmatic. 
And yet—if you knew what a mighty “kick” was 
concealed in its Sluggish depths, you’d never want 
to go back to the filmy, “high grade” stuff you 
used to use. For as heavy as it is, this present day 
fuel possesses a greater volume of heat calories— 
explosive energy—than your old-time quick-firing 
mixture. 

If You Could Only 

Get the Right Spark— 


It was when the advent of low grade fuels created 
a need for something new in ignition systems, that 
Philbrin Ignition came into being. There was 
POWER in that heavy gas—and Philbrin was de- 
signed to draw it out; to get at it and wtilize it. 


And those who have tried it know what the Phil- 
brin spark is: A thing of phenomenal power— 
tearing into the mixture with violent intensity. 


Ignition Specialists 





It has more actual explosive energy than 
higher grade gas, but it takes a spark 
of extraordinary intensity to ROUSE it. 


For a wonderful new form of contact maker had 
been invented. 
Suiting the Spark 
to the Mixture 

This contact maker causes the spark to vary in 
character, according to the speed of the engine and 
the demands of the mixture. In other words, Phil- 
brin Ignition automatically provides whatever kind 
of spark is needed—for rich mixture or for lean 
mixture, for slow speeds (as at starting) or for 
high speeds 

\nd accomplishes its purpose by means so extraor- 
dinarily simple and so unfailingly efficient, that the 
likelihood of trouble—even the most trivial kind 

is practically banished 

With Philbrin on your car or truck or tractor, you 
won't be sadly desponding over the quality of your 
gas—you'll be thankful for it, and all the power 
it carries. And you will exercise economies in 
fuel consumption that will be a positive revelation. 


These things are worth while. Send for Philbrin 
literature and get the detailed story. 





517 South Broad Street 
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‘BAKELITE | 


REG. U. S. PAT. OFF. 





Lower production cost by incorporating metal inserts in the mould- 
ing process— 


Use Bakelite 


Get a smooth, lustrous finish from the mould without subsequent 
buffing or polishing— 


Use Bakelite 


Eliminate any difficulty due to a piece shrinking, warping, swelling 
or splitting after being moulded— 


Use Bakelite 


Disregard any possible damage from contact with oil, water, acids or 
chemicals or from extreme atmospheric conditions— 


Use Bakelite 


Secure high heat resistance combined with great mechanical and 
dielectric strength— 


Use Bakelite 


Satisfy every engineering and manufacturing aim in moulding pieces 
for mechanical or electrical instruments. 


Use Bakelite 


The CENERAL BAKELITE COMPANY, 2 Rector Street, New York, welcomes inquiries 
from manufacturers and maintains a research laboratory for the working out of new applications. 


2033-B 
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Michigan Steel Castings 


Not much higher in first cost. 
Very much lower in ultimate cost. 


This Test Bar of Michigan Electric Cast Steel, 
Special Alloy-Heat Treated, Shows 


Tensile Strength . . 102,000 lbs. 
Elastic Limit . . . 81,500 lbs. 
Elongation. . . . 23 percent 
Reduction of Area . 48 percent 


Can you afford to overlook this metal in your designing? 
Send pattern for proof. 


NOTE—Send some pattern that is giving you trouble along with blue print. 


MICHIGAN 


STEEL CASTINGS 


Michigan Steel Casting Company, Detroit, Michigan 
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The Detroit Free Press 





ELECTRICAL 





AUTOMOTIVE 


ENGINEERS 


OON the gasoline demand 
must exceed the available 
supply, says Dr. Pogue of 
the Bureau of oil conser- 
vation.—What must en- 


gineers do te solve the 
problem ? 


To sum up Dr. Pogue’s con- 
clusions in a sentence: 


Adapt the engine to the heavier 
grades of gasoline now in use 
—and, when the time comes 
that other fuels, such as kero- 
sene, must be used, still further 
adapt the engine to such fuel. 


A step in the necessary direc- 
tion is the Master Electrical 
Primer, which, vaporizing the 
gasoline by electrical heat, will 
within seven seconds start an 
engine on heaviest gasoline in 
coldest weather. 


Inform yourself fully about this 
device. Send in your name and 
we will supply you with litera- 
ture, explaining in detail why 
the Master Electrical Primer is 
valuable standard equipment 


on such cars as the Franklin, 
National and Nelson. 


Without charge, we will gladly 
supply you with Master Elec- 
trical Primers to try out on 
your experimental cars. 


THE MASTER PRIMER CO. 


34 East Larned Street 


DETROIT, MICH. U.S.A. 


Primer 
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SEMI-WOOD WHEELS 


50% Stronger 
Lighter Overall 





Less Peripheral Weight 


All the supports tor 
Cannot warp 


demountable rim 


; are directly over the 
Cannot get out of 


ends of the wood 
round 


spokes 





Has all the advantages of other wheels and none 
of the disadvantages 


Now in production in all Government Standard sizes 


BAKER WHEEL & RIM CO. 


1502 Michigan Avenue 


CHICAGO 
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WAR RECORD 
NOT MADE 
PUBLIC 


The “Whitney” Special 
Quality “Type M” Chains 


made a great showing during the 


war years 1916-1917 and 1918. 


Our tests and demonstrations were made on promi- 
nent 8-cylinder motors in service on a large number of 
cars owned in the State of Connecticut. 


During this long period not a single ““Whitney’’ Chain 
or Sprocket had to be replaced and the condition of every 
Drive has been pronounced remarkable. 


One Drive recently examined had given over 35,000 
miles’ service and both Chains and Sprockets were in such 
perfect condition that they appeared good for more than 
double that record (sprockets having no adjustment). 


The links of this SPECIAL CHAIN have finished 
faces and reamed holes, and the smooth faces do not 
damage the Sprocket teeth. 


Our war contracts were such that we did not an- 
nounce this SPECIAL CHAIN until after the conflict 


was Over. 


THE WHITNEY MFG. CO., 
Hartford, Connecticut. 
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Engineers, dealers and users of 
trucks and tractors favor thecon- 
tinuous fin tubular type radiator 
for the self-same reasons. 


(sreater cooling capacity, less weight, greater resist- 
ance to vibration and accidental blows, simpler repair- 
ing and freedom from clogging constitute the chief 
reasons for the popularity of the continuous fin 
tubular type of radiator. 


A dissection of a core of this type displays its simple 
construction. At once the free passage of air and 





water is noted—there is practically no impediment. 


TEE ieentne the continmens te tebuler The horizontal fins (which serve only to cool and to 
evere service e@ ce ous J - 

type of radiator has proved unusually 
e ficient. 


brace the vertical water tubes) are of light weight 
metal and evenly distributed throughout the entire 
core. Their front edges are reinforced with a steel 
wire. 


The vertical’ water tubes are placed in rows and are 
fully protected by the fins. 

Accidental blows are strongly resisted; however, in 
case leakage follows, temporary repairs are quickly 
and easily made while on duty 

The strong recommendations by this company tn 
favor of the continuous fin tubular type radiator for 
truck service 1s obviously for the sake of increased 
efficiency, dependability and satisfaction, for we 
manufacture all types of radiators—both tubular and 
cellular. Engineers are urged to make exhaustive 
analysis in comparing the various types of cooling 
systems, and to facilitate investigations our engineer- 
ing department is available for the purpose. 








Main plant and general offices. McCord Manufacturing Co., Inc. 
Detroit Michigan 


MC CORD 


RADIATORS 
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SUNDERMAN 


Simplicity is a necessary feature of a carburetor. 

The designers of the new NITRO carburetor appre- 

ciate this fact, and have succeeded in making the 

NITRO so simple, so fully automatic in operation, i 
that it is obviously easy to adjust and to understand 
—it has but ONE adjustment and that one easy to 

reach. Another reason why the NITRO is the 


logical carburetor equipment for YOUR new car. 


SUNDERMAN CORPORATION, Newburgh, N. Y. 
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1,306,568 


Federal Babbitt-Lined 
Bronze Back Bearings and 
Federal Bronze Bushings 


For these AMERICAN-BUILT 
MUNITIONS OF WAR 


Liberty Airplane Motor 


Hispana Suiza Airplane Motor 
U.S. Standardized Class B 
Military Truck 


Uncle Sam Wanted The Best 





FEDERAL BEARING & BUSHING CORPORATION 


BABBITT-LINED BRONZE-BACK BEARINGS. BRONZE BUSHINGS. BRONZE CASTINGS 
DETROIT — MICHIGAN 


. 
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RICH TOOL COMPANY 


Railway Exchange Bldg., Chicago, II. Kresge Building, Detroit, Mich. 


Che cuts below represent valves used in some of the best known present day Aeroplane, Motor-Boat 
and Racing Automobile Engines. They are all products of this Company and most of them have been pro- 
duced in large quantities and have, therefore, been thoroughly tested in service. 

Needless to say, they are all Tungsten Steel, but we also make one-piece forged valves of all other com- 
monly used Alloy Steels in the manufacture of which we exercise the same care as is used in our Tungsten 
Valve materials. 

One of the newer types of valves which we have been making in very large quantities for the past two 
years is our Hi-Chromium Valve, which has some very remarkable properties. It is for some purposes an 
excellent valve and we solicit inquiries from those who are troubled by a persistent burning away of the 
seats of the valves in their motors. 

We also have a material called Cobalt-Crom that possesses the qualities of High-Chromium as relates 
to resistance to burning, together with a resistance to abrasion or wear and a strength when red hot more 
nearly comparable to that of High-Tungsten. This material offers excellent promise of good results in en- 
vines running for long periods under heavy load without attention, such as marine motors and tractor motors 
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Our Engineering Department is at your service on all 
questions concerning suitability of material and design. 
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A New Engineering 


The successful application of ball bearings where a few years 
ago they were out of question is not due altogether to the 
improvements in ball bearings. Together with these there 
has developed a definite branch of mechanical engineering. 


The old rule-of-thumb, and hit-or-miss practices are very 
much out of date and utterly inexcusable. Long, patient 
years of study and investigation, and the accumulated experi- 
ence in the ball bearing field have served to make quite posi- 
tive and definite the knowledge of what may or may not be 
done. Capacities and limits are now very definitely known. 


We maintain a Service Engineering Department to make this 
special knowledge available for designing engineers. 


ae 


Gurney Ball Bearing Company 


Conrad Patent Licensee 


JAMESTOWN, NEW YORK 
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BORG @® BECK 


Single Plate Dry Clutch 










—engages gradually 
—does not grab, stutter or slip 
—cuts down gear shifting 


—has fool-proof adjustment 


The merits of this clutch 
have made it standard in the 
truck, tractor and automo- 
bile industry—over 200,- 
000 now in use—by over 
150 leading manufacturers 


Furnished to fit all standard 
motors and unit power 
transmissions. 


THE BORG & BECK COMPANY 


MOLINE, ILL. 


Lar gest exclusive clutch manufacturers 
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Molded by Insulation Products Co., Pittsburgh 


Difficult 
Molding 


Can be readily solved by the application of 
Condensite in your designs. 





Our licensed molders are skilled in the design 
of molds for pieces of odd shape. Work ot 
this character assures a substantial saving 
over assembly and machinery operations, 
because parts can be made in one operation 
with metal inserts, holes of any shape, or 
projections at any angle. Moreover, the 
piece as delivered from the mold possesses a 
clean, smooth and polished surface, which 
seldom requires buffing. 


Consult Condensite Engineers. 


ndensite Company of Ameri 


‘Bloomfield, New Jersey - 
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Transmistieitn 


Manufactured by the largest transmission 
manufacturers in the United States. 


Mechanics Machine Co. 
Rockford Illinois 


Sold Exclusively by 


C. A. S. ENGINEERING COMPANY 


790 WOODWARD AVENUE DETROIT, MICHIGAN 


Universal Joints 


Used by 300f the largest and most exacting auto- 
reaTeleh Zep eer-telene-(eiabhact acm lomeelemerejlelelem ame \Je-lelmohy 





Mechanics Machine Co. 
| Raelel a aelaet Illinois 


Sold Exclusively by 


C. A. S. ENGINEERING COMPANY 


790 WOODWARD AVENUE DETROIT, MICHIGAN 








Steerins Gears 


Of strain protected type of worm and gear design, 
eek tolebileiaebaate menu 


C. A. S. Products Co. 


of Columbus O) tie) 


Sold Exclusively by 


C.A.S. ENGINEERING COMPANY 


790 WOODWARD AVENUI DETROIT, MICHIGAN 








Radiators 


© IVE: e- tol cto folele MS lel ams felele Me del-MMeeles-lam-dsitetlcelanesttelcante 
the world. Produced by 


C.A. S. Radiator Co. 
Jackson Michigan 


Sold Exclusively by 


C.A.S. ENGINEERING COMPANY 


790 WOODWARD AVENUE DETROIT, MICHIGAN 
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g along with its. saaed loads. 


tuck feels every bump in the road. 
‘ ‘bumps are absorbed by cushions 

aselves, and the truck travels along 
or vibration. 


By overcoming the shocks of the road, Jaxon Full Floating 
Wheels eliminate the many dangers of destructive vibration 
—loosening of connected parts—wear and tear on delicate 
mechanisms—breaks in the chassis structure due to crystall- 
ization of the metal, And they also insure the more economic 
operation of the truck as a whole—more than doubling tire 
mileage, as well as greatly increasing gasoline mileage. 

Jaxon Wheels are a proven product—of several years’ standing. 


They are available for a large number of makes of motor trucks. 
< Write for descriptive catalog.. 


Jaxon Steel Products Company 
Wheel Division: 3066 West Grand Boulevard 
Detroit, Michigan 


JAX 


Floating 










June, 1919 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


Jaxon Rims 
Now Predominate 


HE Jaxon Rim that you see’on thousands of motor 
cars the country over is the rim that predominates 
today in the motor car industry. On 1919 motor cars 


there will be more Jaxon Rims than rims of any other 
make. 


Jaxon Steel Products Company 


Jackson, Michigan 
















Michigan Plant 
Detroit, Mich. 
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“Heat Treatment’—annealing, case 
hardening and tempering — determine 
more than anything else the quality of 
the finished product. 


“Heat Control’’—the secret of heat treat- 
ment—is reduced to an exact science in 
our plant. 


Your valves, bolts, and special parts are 
heat treated in furnaces whose tempera- 
tures are indicated by electrical pyrom- 
eters so sensitive that even a variation 
of less than five degrees is easily seen. 
An elaborate valve control system cen- 
tralized at the pyrometer room enables 
these variations of temperature to be 
promptly corrected. 

No element of chance enters into our heat 


treatment. The temperature is tested— 
controlled—KNOWN. 


Tae 


The Stee! Products Cn 


Main Plant 
Cleveland, O. 
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A DEPARTMENT 
OF YOUR PLANT 


FOR 
Motor Valves 
Spring Shackle Bolts 
King Bolts 
Chassis Bolts 
Coupling Bolts 
Connecting Rod Bolts 
Push Rods or Valve Tappets 
Drag Links 
Brake Rod Assemblies 
Starting Cranks 
Lamp Brackets 
Tank Straps 
Propeller Tubes 
U. S. S. Head Cap Screws 


Piston Pins 













Metals Welding Plant 
Cleveland, O. 
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Silent Timing Gear 


With Peerless, as with many other makes of first-class 
automobile engines, Fabroil Gears are being used as 
the main timing gear. Because of the successful 
operation of Fabroils, helical gearing on front ends 
has made considerable gain within the last two years. 






Have you ever tried one of these raw cotton gears? 
If you haven’t you have a surprise in store for you. 


Fabroils are made in all shapes and sizes—have been 
furnished from one to thirty inches in diameter. 
Send for booklet 48703 A. 


GENERAL ELECTRIC COMPANY 


General Office, Schenectady N_Y. Sales Offices in all large cities 
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: This mark is a 
symbol of protection 
inthe export business,» 


The A. P. C. trade-mark represents a force that connects the leading man- 
ufacturers of American automotive products with the best buyers in foreign markets. 


It offers the American maker a good market and a careful safeguarding of his 
interests. It offers the foreign buyer an assurance of dependable goods and square 
treatment. To both parties it is a symbol of protection. 


A few more lines which do not compete with those we already have can be handled by 
our organization. Interested manufacturers are invited to write for fuller particulars. 


AUTOMOTIVE PRODUCTS CORPORATION’ 


EXPORT SPECIALISTS TO THE AUTOMOTIVE INDUSTRY 


WOOLWORTH BUuILDING, NEw YorK,U.S.. 
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N establishing an engineering service adequate to investi- 
gate any manufacturer’s bearing difficulties, this important 
factor must be kept in mind: 


That to render service in its fullest sense, no investigation 
can be limited by partiality to a specific bearing type—that 
to overcome the limitations of individual bearing producers 
the resources of several must be combined and unified. 


Only in this way can the manufacturer who avails himself 
of such service be assured of an impartial, unbiased study or 
his frictional problems. 


And back of such a service to individuals must be an honest 
desire to assist industry as a whole through scientific investi- 
gation of bearing design and methods of application. 


American manufacturers are invited to investigate this service 
with a view to applying it to their individual problems. 


S K F INDUSTRIES, INCORPORATED 
Sales, Service and Research Division 
165 Broadway, New York 


: Sk 


SKE eee 


Gronkvist Chucks 
Transmission 


Hangers 


| [MMM 
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Concentric Peened Piston Rings | 
Of Uniform and Permanent Pressure 


“ OPENING 


Service Bulletin No. 5 


PISTON RING LEAKAGE 
* | r 


it 18S a current vellet among any Yas ene ine builders that 


leakage Ol escape ot 





vas or oil is almost enurely through the joint 
of a piston ring. They have therefore designed them as nearly gas f 
Fig. 1 tight at this point as possible. There are a number of methods of 


doing this but all methods employ some form of lap or step joint 


In any lap or step joint enough metal must be cut from the ring 
Some of Our Users | 3 





— 


form the lap or step. The ends of the ring are then sprung together so : 
Aeroplane Makers that they overlap, which sets up strains in the metal. When this type of 
wn ae ring 1s placed in a cylinder it will not touch all way round or at least 
for Liberty Motor bear with varying pressure on the cylinder. Even if the ring is ground 
. . to a perfect circle, after being beni to close the gap at the joint. the heat 
Wright Martin I ek oe: .! i a 
Aircraft Corp In Operation changes thes uns and makes ne ring Varp tron its 
Hispano-Suiza Motor ground shape. 
Trego Motor Corp., THE WASSON ring is made with as narrow parting cut as pe 
for Liberty Motor sible so that when the ends are sprung together practically no strains 
J. P. Morgan, are set up in the ring. ‘The inner side of the ring is then hammered 
for British Government in such a way that it bears with uniform pressure on all sides of th 
Tle: e E _ om ° 1 
J. G. White, 1 cylinder. [Even if the cylinder warps out of round, when in operation, 
for French Government the equal pressure will enable the ring to follow the cylinder out of true 
. and so keep gas-tight at all points but the joint 
Automobile Manufac- ; - 7 
If we now make a comparison of the amount of leakage past a 20 
turers I ; 
ae angle joint and past a ring which does not fit the cylinder properly by 
Chandler vs ; . : A SE: 
Cadillac h calculating the area of the opening at each place the result is quite start 
Nash Marmon ling 
Hupp Cole ee . 
Chal White FIG. 1 shows the opening formed at the joint of a ring when viewed from the m 
aimers 2 . bustion chamber, greatly magnified 
Peerless Mitchell 


The clearance between a piston and cylinder in a four inch bore motor is not ( 
004” when the motor is running or dimension A in FIG. 1 the clearance between the 





Tractor, Marine and 





ends of a well fitted ring is not a greater amount, or dimension B, the area of this 
Stationary Work opening is then, the product of these distances or .004” x .004” equals .ooo016” or six 
teen millionths of a square inch 
Wallace Tractor Co. geod -aeepe aa . 
. oe 2 shows a poorly htting ring viewed 1n the s: 4 ‘ and to Si scalt 
Emerson Brantingham 1 2 SI N ip ey +" viewe I — ame way a the sam 4 
N _ Shio & E. If the ring does not fit the cylinder by as small an amount as one quarter of one 
ew London 1p ng. thousandth of an inch .00025” or dimension C, for a length of only one inch dimensio1 
Co. D, on FIG. 2 the area of this opening is equal to the product of its length by its 
| | ; 
McIntosh & Seymour age width, which in a figure of this OPENING 
kind is one-half its maximum width TUL 7 Vy 
. W. Lathrop & Co. is one-halt width, oH y ia 
J # or one-eighth of one thousandth of ey CHLINDER: Y D> 
General Electric Co. eer et eee somgecetee Yj, 
: an inch .000125” or I xX .00O125 equals \7 YY), Up 
New York Air Brake 000125” or one hundred twenty ve UZ : We KZ 
Ingersoll Rand millionths of a square inch. 
St. Mary's Oil & Gas Eng. ; By comparing these amounts we 
Ca find that the opening caused by a 
Stan. Motors Const. Co warped or poorly fitting ring is near 
. 4s D7 . . 


eight times larger than the opening at 
the joint 


WASSON PISTON RING CO., Plainfield, N. J. 
LAKE SALES COMPANY, 1947 Broadway, N.Y. C. 


SALES AGENT 
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For MOTOR 
VEHICLES 






Look atthe newest 
| models-and the oldest 


The new models indicate not only the trend of 
popular fancy, but they also tell the story of the 
survival of the fittest features of construction. 

















The old cars—those designed on lines favored in 
, the past—call attention to the substantial character 
of parts that refuse to surrender to wear and tear. 


On both classes, old and new, WOOD Wheels 
predominate, a proof that stvle in motor cars is 
guided by proven worth. 


WOOD Wheels through years of satisfactory serv- 





ice have clearly demonstrated their right to pop- 
ular favor. 





AUTOMOTIVE WOOD WHEEL 


MANUFACTURERS’ ASSOCIATION 
105 West Monroe St. Chicago, Illinois 


ae 
NOTE THE 
WOOD WHEELS 

EVERYWHERE | 
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It 
Pays 
_to 
Equip 
— Your 












IGH-GRADE cars are equipped with 
Firestone Rims. Onehundredandthirty 
of the one hundred and eighty cars 


manufactured in this country have Firestone 
Rims when they come from the factory. 


If your car happens to be one of those lacking 
Firestone Rims, put them on at your expense. 


The cost is small. The returns are large. 


Returns in convenience. Nocomplicated parts. 
Tire change completed in five minutes. No 
rusting, sticking or squeaking. 















Accurate alignment. Continuous bearing on 
felloe band. Continuous wedge ring. These 
features eliminate uneven wear and insure 
increased tire mileage. 


‘Put Firestone Rims on your present car and 
you'll insist upon them as equipment on your 
new Car. 


When tire mileage lengthens and tire changes 
are made without loss of time or temper you'll 
become convinced no other rim will do. 

Any Firestone dealer or Service Station will 


equip your car with Firestone Rims at mod- 
erate cost. 


CheFi 










restone Steel 
Products Co. 


FIRESTONE PARK 
AKRON, OHIO 
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You Can Depend on Harrison for 


o-operation 


Harrison 5 i : | 
engineers Hh 

and draughts- j 
men are always ry 
ready to assist 
you with your 
radiator 
problems 

















at That this co 
“Hexagon Cellular Radiators. 















cap Ss er increasing number of well- 


oy 





Ae. 









HARRISON RADIATOR CORPORATION 
: LOCKPORT, NEW YORK | 


ISON 


Original Hexagon Cellular Radiator 


 £% 


tie | 






ref reg} 
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Auto-Flextube Auto-Steelflex 


SPSS ED EE BEES SSDS ESSER 
a Sp 


Auto-Brassflex 








QI 
VELL: 


LU, 


Insulating and Steel or Brass Flexible 










V4 
Wd. 





Tubing and a complete line of fittings for 


Wd 








Automobile Wiring 
Carburetor [Tubing 
Exhaust | ubing 


YUU’: 


VVMM@@Mwéle 


WM 


YW 







Write for catalogue, samples and 
complete information 


National Metal Molding Co. 


Manufacturers 
Electrical Conduits and Fittings 
1121 Fulton Building. Pittsburgh, Pa. 










Atlanta Boston __—iBuffalo Chicago Dallas Denver Detroit Los Angeles New York Philadelphia 
Portland Salt Lake City San Francisco Seattle St. Loui Buenos Aire Havana Manila Paris 


Casadian Distributors—CANADIAN GENERAL ELECTRIC COMPANY, Limiteo 
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List of users 


Advance-Rumely Co 
Allis-Chalmers Mfg. Co 
American Motor Truck Co 
The Autocar (< 

Collier Co 

Crow-Elkhart Motor Co 
Dart Motor Truck Co. 
The Dauch Mfg. Co 
Dixie Motor Car Co 
Doane Motor Truck Co 
Duesenberg Motors Corp 
Fageol Motor Car Co 

H. H. Franklin Mfg. Co 


Gramm-Bernstein Motor Truck Co 
Hebb Motors Co 

Hendrickson Motor Truck Co 
Hinkley Motors Co 

Holt Mfg. Co 

The Howard Co 


International Motor Co 

Kentucky Wagon Mfg. Co 

Lexington Motor Car Co 
Locomobile Co. of America 
Manley Motors Corp 

Menominee Motor Truck Co 

Mercer Automobile Co 

Moreland Motor Truck Co 

Nelson & LeMoon 

E. A. Nelson, M. E 

D. A. New Comer Co 

O’Connell-Manly Truck Co 

Oneida Motor Truck Co. 

©. Armleder Co 

Parker Motor Truck Co. 

Reo Motor Car Co 

Root & Vandervoort Engineering Co 

Sanford Motor Truck Co 

Service Motor Truck Co 

Stewart Motor Corp 

Studebaker Corp 

Stutes Mar Tractor Co. 

Templar Motors Corp 

Trego Motors Corp 

Twin City Four Wheel Drive Co., 
Inc. 

Victor Motor Truck & Trailer Co. 
Walter Motor Truck Co 

Ward-La France Truck Co., Inc. 

Wichita Falls Motor Truck Co 
H. E. Wilcox Motor Co 

Zeitler & Lamson Truck and 
Tractor C« 
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Another serious 


cause of automobile 
trouble eliminated 


How the new universal joint protects a car against loose play 


EAR and tear on the driving 

machinery of a car are due 

largely to the transmission of 
shocks from the rear axle. Inequali- 
ties of the road produce a constant 
strain on the transmission, driving 
shaft and differential. 


The ordinary metal type of universal 
joint acts as an unyielding metal-to- 
metal conductor of every jar and 
strain. 


The looser the joint wears, the more 
severe is the pounding on the trans- 
mission and differential. A loose joint 
develops backlash and intensifies every 
strain in a way which racks the car 
from end to end. 


The cushioning effect of the 
Thermoid-Hardy Universal Joint 


-To meet these conditions the Ther- 


moid-Hardy Universal Joint has been 
developed. It is constructed of flexible 
fabric discs which act as a cushion. 
Even more flexible than the ball-ana- 
socket type of joint, and more endur- 
ing, the Thermoid-Hardy Universal 
Joint cushions the jolts and jars of 
sudden starting by transmitting the 


impact from the motor in a smooth, 
even flow of power to the rear wheels. 


No lubrication needed 
Having no metal-to-metal wearing Slffaces 
the Thermoid-Hardy Universal Joint ‘re- 
quires no lubrication. It runs in absolute 
silence, smoothly and without backlash. 


Why engineers should specify Thermoid- 
Hardy Universal Joints in their cars 


For over three years, on both passenger 
cars and heavy-duty trucks, the Thermoid- 
Hardy Universal Joint has stood severe 
tests for endurance. 


When you build a car with its drive shaft 
cushioned by Thermoid-Hardy Universal 
Joints, you build a more quiet-running car 
—one with fewer come-backs for adjust- 
ment. Thermoid-Hardy Universal Joints 
prevent the jarring loose of the transmis- 
sion and differential, they run with abso- 
lute silence, and require no lubrication. 
Send for our new book, “Universal Joints 
—Their Use and Misuse.” 
Thermoid-Hardy Universal Joints carry 
our well-known guarantee Thermoid-Hardy 
will make good—or WE WILL. 


Thermoid Rubber Compang 


Sole American Manufacturers 
Factory and Main Offices: Trenton, New Jersey 


New York Detroit Pittsburgh 
Chicago Los Angeles Boston 
San Francisco Philadelphia London 


Paris Turin 


UNIVERSAL 
JOINT 


Makers of “‘Thermoid Hydraulic Compressed Brake Lining” and “*Thermoid Crolide Compound Tires.’’ 
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HENEVER you see a front end drive 

embodying Link-Belt Silent Chain, 
you may rest assured that that drive— 
both chains and wheels 





are scientifically 
correct and built to run properly and give 
long life. They are made almost as care- 
fully as a watch in the most modern and 
efficient chain-making plant in the world, 
and are sold on a strictly engineering 


basis. 


Details and the services of our engineer- 
ing staff are at your service. 


“‘Most good cars use Link-Belt 
Silent Chain Drives”’ 


LINK-BELT COMPANY 


DETROIT: - - 732 Dime Bank Bldg. 
PHILADELPHIA: Huntington Park Ave. & P. & R. Ry. 


June, 


1919 
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You can always recognize a Timken 
Bearing by its taper—-tapered rollers 
revolving about a tapered ‘‘cone,”’ 
within a tapered cup. To the taper is 
due two things that have given Timken 
Bearings their supremacy in passenger 
car, truck and tractor: 


thrust, the sidewise pressure of the 
vehicle’s weight as it rounds a curve 
just as well as it does the steady down- 
ward pressure caused by gravity. 


2. Take-up for wear—-because when 
the surfaces of cup, cone and rollers 


become slightly worn, a part turn of an 
1. Resistance to wear-—because a adjusting nut brings them together 
tapered roller bearing resists end- again and the bearing is as good as new. 


plus Timken Tubing 


‘“‘At the rate you’re piercing those bars and rolling them 
into tubes,”’ said one tube-mill visitor, ‘“‘you ought to have 
enough soon to make bearings for all the cars in the world.”’ 


Other visitors to the Timken plant at Canton have thought 
the same thing when they passed by the bins of stock tubing 
housed in long sheds. Millions of pounds of tubing there are 


here of all diameters from three-quarters of an inch to six 
inches. 


Here is enough raw material at hand to make up cups and 
cones for any order of bearings of any size, and constantly 
this pile and that is being replenished from the tube mill. 

The careful control, not only of the material in these tubes, 
but of every process involved in piercing, rolling and straight- 
ening is essential to the maintenance of Timken quality. 


It is one of the many things that are added to the principle 


of Timken Taper to assure the resistance of Timken Bearings 
to the effect of wear. 


ww THE TIMKEN ROLLER BEARING COMPANY YY 
V Canton, Ohio 


— 
oe 
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HE steering gear is the only part of a motor 
truck constantly in use in which human 
Strength is concerned. 


No matter how perfect me- 
chanica]lly the truck may be 
in every other respect, if the 
steering gear is hard to oper- 
ate, neither driver nor truck can 
do justice to the work they 
haveto do. On the other hand, 
a steering gear that is easy to 
operate conserves the driver's 
strength and increases the ef- 
ficiency of both driver and 
truck. 


The man who drives a Ross- 
steered truck knows by experi- 
ence that the enormous bearing 
surfacesin Ross Steering Gears, 
together with Ross quality in 


materials and workmanship, 
guarantee easy operation, as 
well as safety and reliability. 


Ross Steering Gears mean an 
easier day’s work for the 
driver, and at the same time a 
bigger return to his employer 
in greater service from both 
the man and the truck he 
drives. 


As a Ross Steering 
Gears are now uscd as stand- 
ard equipment by 115 different 
manufacturers, representing 
considerably over half the 
motor truck industry of the 
entire United States. 


result, 


Write for catalog and any special 
information desired. 


ROSS GEAR & TOOL Co. 
Eighth Heath Streets 


SOCIETY OF 


AUTOMOTIVE ENGINEERS 


The Steering Gears that Predominate on Mo 


tor Trucks 


} 
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eAnnouncement 


This corporation has sold to the MEACHEM 
GEAR CORPORATION, 411-415 Canal St., Syracuse, 
N. Y., the new-process RAWHIDE Gear branch 
of its business, and orders and inquiries for 


RAWHIDE Gears should be sent direct to the 
latter corporation. 


This sale includes the rights for the various 
processes of manufacturing new - process 
RAWHIDE; the special plant for preparing the 
RAWHIDE at 811 Free St., Syracuse, N. Y.; the 
raw materials, patterns, machinery and equip- 
ment pertaining to the RAWHIDE branch of the 
business and the good-will associated with the 
name of our RAWHIDE Gears which we have 
been manufacturing for many years. 
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The organizers of the MEACHEM GEAR Cor- 
PORATION are the same who formerly were 
officers of this corporation and of its predecessor, 
the New Process Raw Hide Company, and are 
thoroughly familiar with the manufacture of 
RAWHIDE Gears, and we bespeak for them 
liberal and continued patronage. 


The New Process GEAR CORPORATION will 
continue as heretofore to manufacture its ex- 
clusive line of Gears, with the exception of 
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Westine 


Science and the Starter 


Design, material, workmanship and sc-v- 
ice share the credit for the universal ac- 
ceptance of the quality of Westinghousc 
Starting, Lighting and Ignition Equipment, 
but back of them is sti!l another factcr — 
Science. 


It is in no small measure due to the wor!: 
of scientists in the \V/cstin~house labora- 
tories that Westinghouse Equipment is of 
such high quality as to be accepted as 


STARTING, LIGHTING 





standard on Fierce-Arrow, Locomobile, 
Mercer, and other cars as well known. 


It is tothose scientists that Westinghouse 
looks for continual improvements in every 
detail of its equipment. 


WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 
Automobile Equipment Department 
Ceneral Sales Office, New York City: 110-114 W. 42nd St. 
Branch Sales Offices: Cleveland, Ohio: 1900 Euclid Building. 
Detroit, Mich.: Kresge Bldg. Chicago, Ill.: Conway Bldg. 
Works, Newark, N. J. 


house 


& IGNITION EQUIPMENT 


; 


ahteaae 





are built comple te 
in the largest fact- 
ory in the world 
evoted exclusively 
to making radiator 
cooling ans 





Tle OAKES COMPANY 


(Indianapolis, OSA. 
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ibid _ Positions & Men 
NQR } Available 





RECI ee IQ N The following arnouncements are published for the 


benefit of members of the Society and the convenience 
of companies in need of men. No charge whatever is 


’  sgpparssss made for this service. In the case of items prefixed by 
an asterisk further information is withheld at the 
request of the company or individual making the in- 

y sertion, but written communications bearing the num- 
) 


(PATENTED 


ber of such items will be forwarded by the S. A. E 

. Office. In other cases further information will be 
supplied by the Office of the Society. Applications for 
positions from non-members must be endorsed by a 
member of the Society. 


MEN AVAILABLE 


0599 ENGINEER, just released from important charge of 
Government aircraft organization during the war. Ten 
years’ practical and theoretical experience. 





0600 EFFICIENCY ENGINEER wants situation with responsible 
. : concern where an experience of several years in the 
The right perspective on values reveals ” P years 


ae , : automotive electrical field will be appreciated. Young 
serviceability as the big outstanding es- man, married, university graduate. 
sential today. And an analysis of car, 


; 0601 ASSISTANT ENGINEER, chief draftsman and designer 
or truck, or tractor, or power boat, or air- 


wishes position with progressive firm. Eight years’ 


} 
| 
| 
| 
| 

‘| 
} 
| 


plane serviceability shows a most com- experience on trucks, tractors, gas engines and auto- 
. 2 “4. ote mobiles. 
plex division of responsibility among a . 7 
hundred smaller units that, in themselves 0602 CHIEF ENGINEER desires position with truck and trac- 
unare m ’ ’ 


tor manufacturer in California. Fifteen years’ experi- 


are seemingly insignificant. Weakness in ence in shop, drafting, experimental engineering and 


any one of them weakens the structure design work. Has served as assistant and chief en- 
. oe gineer of prominent companies in automobile truck and 
upon which dependability rests. Seaes ane 
“NORMS” Ball Bearings—small and 0603 AuTOMOTIVE SALES ENGINEER Twelve years’ experi- 
hidden away in ignition apparatus and ence in design, construction and testing of automobiles, 
lighting generators—are the standards tractors and component parts, fire apparatus and four- 
with the builders of high-grade elec- wheel-drive trucks. Has executive ability, originality 
trical apparatus because their superla- , and initiative. Practical shop experience. Desires 
‘ d liti A thie, Sacked of position in charge of engineering and experimental 
age bee wis: ae A to work or as sales engineer with responsible company. 
oe y Brat me nine sete bearing 0604 SALES ENGINEER, now employed seeks connecticn as 
trouble—which means maximum se- Eastern representative, location New York City. Over 
‘ saat tonlel 3 Bettis ten years automobile experience. Keen aggressive 
curity agaimst ignition an s s man, college education, engaging personality and 
trouble. selling ability. Age 33, married. 
0605 METALLURGIST Captain Ordnance Department desires 
Electri gr sti See a nioped position with producer or user of high grade steel. 
Slectrical Apparatus is "NORMA" eq A 


Ten years’ experience in laburatory and heat-treatment 
of special steels. Would make valuable man for sales 
or factory organization. 


0606 FacTORY MANAGER OR SUPERINTENDENT Twenty-five 
years of broad practical experience in charge of the 
manufacture of hardware, machinery and automobiles 
along modern lines from drafting room to finished 


product. Energetic and progressive. Available at 
once. 





0607 MANAGER with twelve years’ experience as factory 
parts and service manager, wholesale sales manager, 


office manager and efficiency work. Available at once. 
THE NORMA COMPANY OF AMERICA 0608 ENGINEER with 


executive ability and eleven years’ 


varied mechanical training, familiar with shop eff- 
i779 BROADWAY NEW YORK ciency and production methods, competent to plan for 
Ball. Roller, Thrust, Combination Bearings operations and direct the design and manufacture of 


tools, jigs, fixtures, etc., and special machine tools. Is 
experienced in the design and production of gas, gaso- 


(Continued on page 52) 
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Snap Fasteners 


for automobiles 





Style D-1135 ACMB Fastener showing at the right the indentations 
which prevent the material from pulling out 


Our ACME Snap Fastener is particularly desir- 
able for fastening automobile curtains, tops, wind- 
shields, seat covers, radiator covers, floor carpet, 
and door pockets. It is used and endorsed by the 
largest automobile manufacturers. 


The assembled fastener is very strong and prac- 
tically indestructible. The spring of the socket 
is maintained by indentations, which also pre- 
vent the fastener from pulling out of the mate- 
rial. Constant use does not weaken the snap 
action. 


The caps are ordinarily furnished plain, with 
polished brass or nickel or enamel finish. Special 
stamping of name or trade mark at extra cost, 
estimate of which will be furnished on receipt of 
necessary information. 


This is only one of an almost unlimited variety 
of standard and special fasteners which we manu- 
facture. 


Special mechanical parts for automobiles, motor 
trucks, tractors, or airplanes, made to order. 
Brass, Bronze, Nickel Silver, or the metal best 
adapted to the purpose. Our experience extends 
from the beginning of the industry. Raw mate- 
vials for your own manufacturing departments. 


Scovill Mfg.Co. 


Established 1802 
Waterbury, Conn. 


BOSTON 
CHICAGO 


DETROIT 
NEW YORK 
Address Nearest Office 
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0609 


0612 


0613 


0614 


0617 


0618 


0619 


6620 


0621 


0624 





Men Available (Continued) 


line and Diesel oil engines, also motor trucks. Twenty- 
nine years of age and married. Available on two 
weeks’ notice. 


ASSISTANT OR CHIEF ENGINEER with several years’ 
practical experience in designing, building and testing 
of electric and gasoline-electric cars and trucks is 
available at once. Married, age 36. 


CHIEF DRAFTSMAN AND ASSISTANT ENGINEER with ex- 
perience in passenger cars, trucks, trailers and air- 
plane engines. Especially qualified to organize and 
manage engineering department. 


ENGINEER DRAFTSMAN Two and one-half years’ auto- 
mobile experience, fifteen months’ aeronautical expe- 
rience, two years’ technical education, practical shop 


experience and foundry practice. Recently in U. S. 
Air Service. 


ENGINEER Technical graduate, seven years’ design and 
manufacturing experience principally in motor truck 
field, familiar with industrial haulage problems, would 
consider sales engineering work. 


MECHANICAL ENGINEER College education, thirteen 
years’ experience. Age 37, married. Practical shop 
experience in machine shop and assembly floor, bench 
and road testing, laboratory work, etc. Has been chief 
draftsman, assistant superintendent, chief engineer 
and service manager. Familiar with passenger cars, 
trucks and automotive equipment. Competent to handle 
executive work along above lines. Army officer, Ord- 
nance Department, on operation, maintenance and re- 
pair work for ordnance material and equipment. 


AN AUTOMOTIVE ENGINEER, with seven years of broad 
experience, now employed, is anxious to connect with 
a company to design and develop a better farm tractor 
or truck engine, either of the kerosene or of the heavy- 
fuel injection type. Applicant has had extensive ex- 
perience with the highest types of aviation, marine, 
tractor and stationary engines. 


FACTORY MANAGER or GENERAL SUPERINTENDENT, with 
thirteen years’ experience in the automotive in- 
dustry, wishes to make a permanent connection with 
company of good standing, needing the services of a 
good organizer who thoroughly understands the manu- 
facturing, building and assembling of first-class auto- 
mobiles and trucks. 


ADVERTISING, EDITORIAL or EXECUTIVE POSITION desired 
by Cornell graduate engineer, 39 years old. Long 
experience in publication and publicity work in 
mechanical engineering, electrical, iron and steel, ma- 
chinery, power plant and automobile fields, much of it 
managerial. Adept letter writer and tactful in deal- 
ing with subordinates and customers. Also good sys- 
tematizer and organizer. Prefers position in or near 
New York City where talents can be applied in sales 
promotion work. 


GRADUATE MECHANICAL ENGINEER, 25 years old, mar- 
ried, desires position as experimental or research en- 
gineer with automobile firm. Two years of good expe- 
rience in testing, experimental, development and re- 
search work on automobiles and trucks for the Govern- 
ment. Now officer in Motor Transport Corps. 


FACTORY SUPERINTENDENT with over fifteen years’ ex- 
perience in charge of metal stamping plants wishes to 
get in touch with manufacturer looking for a man of 
ability who can straighten out manufacturing difficul- 


(Continued on page 54) 


*See announcement at the head of the ‘Positions and Men 


1‘ 
ee Available’’ column, page 50. 
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Wheels that meet the 
new demand of service 


Within the last few years truck service has undergone an evolution that is 
far reaching in its results. No longer is it the slow, easy ambling along 
smooth city streets. Now it is cross country travel with heavy loads at 
high speed. 


And this change has brought about an alteration in wheel equipment. The 
old type of wheel does not suffice, it will not meet the modern demands. It 
develops wheel troubles that are expensive both in time and money. 


Now as in everything where stress and strains are constant the modern 
wheel is steel—The Dayton Steel Wheel. It develops no troubles, requires 


no repairs, it is permanent wheel equipment and is guaranteed to outlive 
the truck. 


Your truck equipped with Dayton Steel Wheels will have a sales advantage 
over your competitor who has not yet accepted:this improvement. It will 
need no apologies tomorrow because of wheel faults. 


National advertising is educating the public to the desirability of specifying 
Dayton Steel Wheels. 


Will you make them a selling point on your trucks? Our interesting folder 
gives many reasons why you should. Write for a copy, today. 


The Dayton Steel Foundry Company 
Main Office and Works DAYTON, OHIO 


D ayion —_ 


Steel Truck Wheels 


PATENTED 


Detroit 


Chicago 
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Che largest selling 
quality pencil 
in the world 


ENUS 
PENCIL 


Jy NGINEERS and Architects 
buy VENUS Pencils for 


themselves and for their staffs 















because the VENUS is always | 
dependable in quality and | 
grading. VENUS Pencil per- | 
fection means pencil accuracy, 

pencil efficiency and pencil 


economy. 





17 ylack dearces 
and 3 copying 
For bold heavy lines 


6B-5B-4B-3B 


For general writing 
and sketching us 


28B-B-HB-F-H 

For clean fine lines 
2H-3H-4H 
5H-GH 


For delicate thir 
lines. maps, charts 


7TH-SH-9H 















Special 14c. Offer 


Send 14 cents for three trial samples mentioning 
degrees. After you find how perfect VENUS 
Pencils are, buy them at any dealer. 


American Lead Pencil Co. 
227 Fifth Avenue, New York 


and Clanton, London, England. 
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0630 


0631 


*0632 


0633 


0634 


0635 


0636 
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*See 


Men Available (Continued) 


ties and increase production. Can take entire charge 
of engineering and production work. 


SALES ENGINEER, good business education, 82 years of 
age and married. Eight years’ design and executive 
experience; familiar with both electrical and mechan- 
ical equipment. 


GRADUATE MECHANICAL ENGINEER with eight years’ 
practical experience in the automotive field covering 
designing of aeronautic and automobile engines, also 
commercial and passenger vehicles. Age 27. 


ENGINEER AND PRODUCTION MAN now building airplane 
engines desires position. Has had eleven years’ expe- 
rience designing and building automobiles, trucks and 
airplane engines. Age 35. 


SALES ENGINEER, producer, experienced on automobile 
and gasoline engine parts desires connection with 
progressive house. 


ELECTRO-CHEMICAL ENGINEER, university graduate, 
three years’ experience in the production, service and 
sale of storage batteries. Practical and theoretical 
knowledge of starting, lighting and ignition systems. 


MECHANICAL ENGINEER, age 24, married, wants posi- 
tion as assistant to chief engineer or assistant to ex- 
perimental engineer to help develop engines or carbu- 
reters. Expert draftsman, able to oversee engineer- 
ing department and relieve engineer of details. 
Knows what is needed to make a successful gasoline- 
kerosene engine. 


ENGINEERING E}ECUTIVE, thirteen years’ experience in 
design, testing and production of automobiles and en- 
gines. For the last five years specializing on automo- 
bile engines. Experienced as tool, production and 
sales engineer. Thoroughly familiar with modern 
production methods, efficient management and system- 
atizing. Five years in present position. Age 33, mar- 
ried, good personality. At present chief engineer of 
well-known company. Salary $4,500 to $5,000. 


EXECUTIVE, now in charge of engineering policy and 
detail development with manufacturer of lighting and 
starting apparatus desires to do similar work for an- 
other concern. 


DESIGNING AND PRODUCTION ENGINEER, age 24, pro- 
gressive technical executive, experienced in experi- 
mental development and production of high-grade au- 
tomotive specialties. 


EXECUTIVE wants live connection as works or produc- 
tion manager. Technical, engineering and practical 
education. Ten years’ real experience. American, 
age 33, married. 


ENGINEER, thoroughly competent to take charge of 
design, development or production, familiar with Span- 
ish language and customs. Salary, $4,200. 


GRADUATE MECHANICAL AND AERONAUTICAL ENGINEER, 
age 26, recently discharged as lieutenant from the Air 
Service, desires to engage in experimental, research 
or design work on automobile or aeronautical engines 
where initiative and ingenuity count. Has had eight 
years’ experience in experimental, development and 
maintenance work in automotive field. 


ENGINEER with eleven years’ automotive experience in 
design, research, development and building of automo- 
(Continued on page 56) 
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clusively in the manufacture 


of Victor screws. This insures 
of selecting an inferior product. 


uniformity and maximum ten- 
sile strength, and protects the 
users of Victor screws from 
the possible embarrassment 


Open hearth steel is used ex- 


DETROIT 


VICTOR SCREW WORKS 
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Men Available (Continued) 


biles and trucks. Has specialized on internal-com- 
bustion engines of the various types; also carbureters 
and fuels. Has been associated with some of the 
most prominent firms in the automotive industry. 


0638 PRODUCTION ENGINEER, practical mechanic, graduate 
mechanical engineer, executive ability, can act as su- 
perintendent or mechanical engineer. Has had expe- 
rience in design of tools and special machinery. Age 
30. Twelve years’ experience. Salary $200 te $250. 

YOKE 

0639 GRADUATE ENGINEER, experienced in heat-treatment, 
testing and metallography of plain carbon and alloy 
steels, desires a position as metallurgist or testing 

\ engineer in laboratory. Location preferred, Buffalo, 


Ball-Yske Construction | N. Y., or vieinity. Age 27. 


(Patented ) 


Makes ARVAC Joints |“ yrs a ine te earn Spine 
Grease Tisht 


periments, laboratory tests and revision of design of 
motor vehicles wants position as engineer with good 


REASE tightness is assured by the use of a yoke firm. Held that position with large motor car com- 
which has a spherical or ball surface turned | pany before entering Government service. Well in- 
on the under side against which rests a felt ae 


formed on engine theory and design. Energetic, re- 
sourceful and anxious to progress. Young, married. 
Salary $3,600 if increase awaits proved capability. 


washer. This construction mukes possible the use of 
a one-piece housing and reduces the grease retainer to 
the smallest possible diameter, thus limiting the tend- 
ency of centrifugal action to throw out the grease. mo " : 7 
The grease retainer is self-adjusting, consisting of a 0644 Factory MANAGER of large engine builder, graduate 
felt washer backed up by a spring which always main- M. E. from Boston “Tech;” wide experience here and 
tains a good wiping fit on the ball of the yoke. abroad, twelve years chief engineer and factory man- 


r —<————S== ager with automobile and high-grade engine builders. 


0645 Motor TRUCK ENGINEER who has produced a complete 





| TRADE MARK line of successful motor trucks and who is in a position 
to design a more modern product and manage its pro- 
UNIVERSAL JOINTS duction is desirous of becoming associated with com- 


The large ARVAC plant insures quantity production on sched- pany or financial men. 
ule. Favorable geographical location and a network of rail 


outlets guarantee quick deliveries. | 0646 MECHANICAL DRAFTSMAN AND DESIGNER with six and 


Arvac Manufacturin$s co a half years of experience on trucks and passenger 
: - cars. Ambitious and willing to work hard. Available 
Anderson, Indiana extra A 24 ’ 
BRANCH OFFICES at once. Age <4. 
CHICAGO—1507 Lytton Bldg. CLEVELAND—512 Guardian Bldg. . » : : 
. DETHOIT—2020 Dime Bank Bidg. ae 0647 EXPERIMENTAL ENGINEER, 26 years of age, three years 


experience in testing and development work on en- 
gines, desires to connect with company, preferably in 
the Middle West. 


0648 ENGINEERING EXECUTIVE, eighteen years’ experience. 
Thorough technical education and broad training. Ex- 
perienced in design, experimental, development and 
metallurgical work and as consulting engineer on de- 
sign and manufacturing problems. Successful admin- 
istrator and executive. Strong and attractive person- 
ality. Highest references regarding character and 
ability. 


0649 CHIEF METALLURGIST Chemical and metallurgical en- 
gineer with twelve years’ successful experience in au- 
tomobile and aviation work. At present supervising 
large heat-treating department and laboratories. Min- 
imum salary $6,000 per year. 


0650 Gas ENGINE ENGINEER desires engineering or execu- 
tive position. Eight years’ experience with internal- 
combustion engines. For the past two years has been 
assistant chief engineer for large company build- 
ing high-grade gas engines. Capable designer. Ex- 
perimental and executive training of high order. 
Pleasant personality. Excellent references. 


(Continued on page 58) 
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SERVICE KCONOMY 


Maximum capacity in any assigned dimensions 
Minimum dimensions for any assigned capacity 





WRIGHT ROLLER BEARING CO. PHILADELPHIA 
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If Your Truck is Mired 
to within 6 inches 
of the ground— 


Just slip the HI-LO Jack under the axle 
and lift her up quickly and easily 





5 inches when fo'ded 






The HI-LO Jack folds up 
to 5 inches and starts to lift 
at 6 inches from the ground. 


It has a range of 6 inches 
(folded) to 17 inches (ex 
tended); and the higher it 
is extended the greater the 


5 eile 17 inches when 
lifting power extended” 


The HI-LO JACK 


PATENTED) 


The Jack that’s different 


from all other Jacks 





1S based on the t vegle principle. The application ot this 

principle to a jack is absolutely new. HI-LO patents ar 

so wide that no jack of similar constructioft can be made. 
> 

The HI-LO Jack fits any truck or pagsenger car. It 

requires but a fraction of the labor necessary with or 

dinary jacks. It is the only jack whose liftifig power is 
increased until the maximum height is reached. 


[he HI-LO Jack is made in EMBER OF 
six different sizes—for passenger 

cars to the heaviest trucks. It is 
a combination of drop forgings, 
high grade malleable castings 
and cold rolled steel s( con- 
structed that it has a _ large 
margin of safety over rated 


capacity 


Truck and Passenger Car 
Owners: Ask for 


NEW YORK. U.S.A 


1} A 


Dealers and Jobbers \sk 
Special Props sition 

\ e aré¢ also makers f the 
Celebrated Prest-O-Grip Tra 


tion Chains for solid tires. 





The Rowe Calk @ Chain Company 


Plantsville, Conn. 
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Men Available (Continued) 


0651 AUTOMOBILE SERVICE MANAGER or factory and produc 
tion man available May 1. Willing to locate any place 
offering permanent position. Would prefer place 
where an interest in the business can be secured. 


0052 ENGINEER, eight years’ experience in design and pro- 
duction of automotive parts. Familiar with truck and 
tractor engineering. Salary $5,000. 


0653 MECHANICAL ENGINEER, technical graduate, aged 26, 
with practical automotive experience, recently dis 
charged from Naval Aviation Corps, desires position 
as assistant on production or works management. 


0654 ENGINEER capable of designing high-class motor truck 
chassis and engines, also aviation engines, desires 
change. At present chief motor engineer of airplane 
company. Pilot in U. S. Army 18 months overseas 
Honorable discharge. Married. Salary $5,000. 


0655 SALES ENGINEER will consider position as sales man- 
ager, sales engineer or assistant with sales agency or 
manufacturer, selling to the automotive industry. 
Middle West preferred. Is now employed and has 
record for 1919 sales of over $1,000,000. Thirty years 
of age, married, American. Well acquainted with 
tractor, truck and motor car builders. 


0556 AUTOMOTIVE ENGINEER of exceptional experience avail 
able for consultation or would accept exclusive en- 
gagement as superintendent, designer or engineer. 
Highest qualifications and world-wide reputation. 


0658 ENGINEER with twelve years’ experience on passenger 
cars and two years’ on trucks, desires change. Now in 
charge of drafting room of engineering section, Moto1 
Transport Corps, Washington. 


0660 MECHANICAL DRAFTSMAN, five and one-half years’ ex 
perience in sheet metal and mechanical drafting, one 
and one-half years’ experience as leading draftsman in 
tank section of Ordnance Department. 


0661 MECHANICAL INDUSTRIAL ENGINEER, broad manufac- 
turing and executive experience combined with prac- 
tical shop knowledge, wishes to connect with manufac 
turers desiring assistance in managing, organizing, 
designing and installing manufacturing processes, 
planning, scheduling, routing work, dispatching, store 
keeping, inspection and standardization of processes, 
quality and instructions. Method is to improve and 
cooperate with the present organization, rather thar 
to inaugurate entirely new systems. 


0662 INDUSTRIAL ENGINEER, with wide general experience, 
desires to act in consulting capacity for makers or 
exporters of automotive apparatus or machinery of 
any kind. Wide engineering and commercial ac- 
quaintance. 


0663 METALLURGICAL ENGINEER of ten years’ experience, 
now captain in the Ordnance Department, just re- 
turned from France and soon to be released, desires 
metallurgical position. Thoroughly experienced in the 
manufacture, heat-treatment and testing of carbon, 
alloy and tool steels. Familiar with electric furnace 
practice. Conversant with French steel making prac- 


ce and conditions. Some experience in sales work. 
0664 CHIEF DRAFTSMAN, now employed, desires position 
offering a future dependent upon ability only. Locality 
(Continued on page 60) 


*See announcement at the head of the ‘Positions and Men 
Available’’ column, page 50 
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SCIENTIFIC IGNITION 
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Illustration Shows Type C. C. Magneto Replacemeni System 








Accuracy 
TWATER KENT Systems are manufactured with a me- 


chanical accuracy comparable with that of the finest 

watch—for this reason Atwater Kent Systems run 

for years and untold thousands of miles without any mechan- 

ical wear—there are no brushes to get fouled with grease, 

no complicated mechanism to get out of order. The number 
* of moving parts is reduced to a minimum. 


AMARDATANAUARROPRARAARARPRERE 
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There is a type system for every car. 


ATWATER KENT MFG.WORKS 
P); iladelph IQ 


SEE YOUR DEALER OR WRITE 4918 STENTON AVENUE 








ee ee 




















ay! 
f ws mms @ 
AV 


i ys 
a <= 





j= 


————————————————— 





? 


——————— 
—————————— ee —S 








60 THE JOURNAL OF THE SOCIETY 





Front Elevation of the Liberty Twelve Engine 


OST of the metal 

parts of the Liberty 
Twelve Engine, includ- 
ing the aluminum cast- 
ings, were cleaned in 
Oakite before they were 
assembled. 


Oakite is used by 9 out 
of 11 prominent makers 
of Liberty Motors. 





MANUFACTURED BY 
OAKLEY CHEMICAL CO. 


6 THAMES STREET - NEW YORK H 


—— 


we 
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0667 


0669 


0671 


0672 


0675 


0676 


Men Available (Continued) 


unimportant. Accustomed to meeting and handling 
men. Age 29. Executive, laboratory or experimental 
work preferred. 


ENGINEERING SUPERINTENDENT Capable organizer and 
producer with executive ability. Experience covers 
twenty years on motor car and machine shop produc- 
tion. 


§ GRADUATE MECHANICAL ENGINEER, age 33. Four years’ 


experience in design of motor vehicles. Holds respon- 
sible Government position in civil service. Would 
consider position in engineering, production or sales 
departments. 


CHIEF ENGINEER, airplane designer, production engi- 
neer or aeronautical technical adviser with a reliable 
aircraft company that contemplates entering the com- 
mercial field. Has optimistic opinion of dirigible de- 
velopment. Ready with original ideas for airplane 
design, as the result of experience and study while 
performing engineering work for the Government be- 
fore and during the war. Will consider an executive 
position only. 


YOUNG LABORATORY MAN with testing experience in 
Government work during past year and a half on 
aircraft, automobile and stationary engines, acces- 
sories and apparatus. Available three weeks after noti- 
fication. 


MANAGER OF FACTORY SCHOOLS, or of employment de- 
partment, or as first assistant in either, or on engi- 
neering work. Future prospects important. College 
graduate, technical training and broad experience. 
Good foundation in psychology, automotive engineering 
and knowledge of people. Experienced in organizing in- 
dustrial education, installing equipment and supervis- 
ing instruction, also in testing engines and planes. 
Now officer with engineering duties in U. S. Naval Re- 
serve Flying Corps. 


MECHANICAL ENGINEER, with over twenty years’ prac- 
tical experience, wishes position as executive engineer 
with tractor company in the East. 


AERONAUTICAL MECHANICAL ENGINEER, designer, ex- 
ecutive, calculator, about nine years’ experience 
specializing in developing new designs. Practical me- 
chanic as well as technical graduate. 


TECHNICAL MAN, experienced in the solution of prac- 
tical automotive problems, dtsires a position involving 
investigation and research work. Location near New 
York City preferred. 


GRADUATE MECHANICAL ENGINEER, age 32. Four years’ 
automobile and one and one-half years’ aeronautic 
experience. Would like opportunity to work into indus- 
trial or executive position. Available after June 15. 


PRODUCTION MANAGER, capable of managing large pro- 
duction of passenger automobiles or motor trucks. 
Ten years’ mechanical experience and fifteen years’ 
executive experience. Understand most improved 
shop practice to produce highest efficiency in quality 
and quantity production; thorough executive, designer, 
organizer and mechanic. American, age 42, married. 


(Continued on page 62) 


*See announcement at the head of the “Positions and Mea 
Available’ column, page 50. 
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automobile engi 
neers have worked out 
the accompanying chart. 
It shows how quickly an 
automobile, going at va- 


Leading 


rious speeds, should be 
able to stop, providing 
the brake mechanism is 
efficient, and road condi 


tions average 


e 


- 


Aken NEN. ae 


ine 





10 miles 


(5 miles 


20 mites 


25 miles 


SO miles * 


35 miles 


40 miley 


|S0 miles 


Yet the car 


was going only 15 miles an hour 


terial than in ordinary brake lining. 
This additional body is made tight and 
compact by Aydraulic compression 
under 2000 lbs. pressure. In addition 
to this, Thermoid is Grapnalized, 
which enables it to resist moisture, 
oil and gasoline. 


OST people think of a 
My cecitess driver as one who 
goes streaking along coun- 
try roads or shooting through 


city streets faster than the law 
allows. 


Yet official records show that The close, compact texture of Ther- 


76% of all automobile accidents 
occur v:hen the car is going 15 
miles an hour or less. 


Safety, for the motorist and his 
car, is not a matter of how fast 
he is going, but how quickly he 
can stop. 


It doesn’t pay to take chances 
with safety. The chart printed 
above shows how quickly a car 
should stop, at various speeds, if 


New York 


'GRAPNALIZED 





Chicago 
Pittsburg 
Canadian Distributors: 





Ordinary woven lin- 
ing. Notice the loose- 
ly woven texture. 
Wears down quickly 
and unevenly. Los- 
ing its gripping power 
as it wears. 


the brakes are in 


Thermoid Hydraulic 
Compressed Brake 
Lining. Notice the 
compact texture. 
Wears down slowly. 
Gives uniform grip- 
ping surface until 
wafer thin. 


good condition 


and working right. 
Why Thermoid Brake Lining is 


safest and wears longest 


In each square 


inch of Thermoid 
brake lining there is 


40% more ma- 


ermoid Rubber Compan 


Factory and Main Offices: Trenton, N. J. 


San Francisco Detroit Los Angel 
Boston London Paris 
The Canadian Fairbanks-Morse Company 
Branches in All Principal Canadian Cities 





a ee oie) 
-vORAULIC COMPRESSES 


LINING 


moid causes it to wear down more 
slowly than ordinary brake lining, and 
evenly, so that it maintains its gripping 
power even when worn to wafer 
thinness. 


The engineers and manufacturers of 
50 of the leading passenger cars and 
trucks have standardized on Thermoid 
Hydraulic Compressed Brake Lining 
because it makes their cars safer. 


Remember that every foot of Ther- 
moid is backed by Our Guarantee: 
Thermoid will make good—or WE WILL 


es Philadelphia 
Turin 
Limited, Montreal 





Makers of ‘‘Thermoid-Hardy Universal Joints’’ and ‘‘Thermoid Crolide Compound Tires’’ 
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Men Available (Concluded) 


With present employer manufacturing passenger auto- 
mobiles and motor trucks five and one-half years. 


0677 AUTOMOTIVE ENGINEER, fourteen years’ all around ex- 

perience in shop and drafting room. Experienced as 

Aeein P=] LEADS executive and tool designer. Specialty, tool designing, 

one for every need toolmaking and production on automotive engines. 

mh +n a One and one-half years on Liberty aircraft engine. 
Married. Age 32. 


POSITIONS AVAILABLi® 


*600 DESIGNERS with experience in the mechanical and elec- 
trical design of starting and lighting systems for au- 
tomobiles, trucks, tractors, etc. In replying state edu- 
cation, experience, age and salary desired. 





Not only are the Eldorado 


609 EXPERIENCED DIE SINKERS No labor trouble. Plenty 


leads distinctly superior 1n of work. Location a suburb of Milwaukee, Wis. 
smoothness andresponsiveness, 618 SALESMEN, experienced in selling steel, to handle spe- 
on % cial steel billets and bars, also sheet steel. State in 
| but the pencil 1S SO perfectly first letter age (28 to 40 preferred), height, weight, 
° ° — present occupation, experience, names of employers, 
4 fashioned that 1t Feels fit In the salary desired and whether averse to traveling. 
5 | hand. Whether your task be 625 OHIO AUTOMOBILE MANUFACTURER has openings for 
2 | P > : aggressive, well educated young men capable of de- 
wl! an intricate plan, a light veloping into executives and willing to start at modest 
3} | > salary. State age, height, weight, married or single, 
se | sketch ora problem to solve, 1t education, experience, knowledge of mechanical draft- 
ES ° ° . ing and blueprint reading, service record, present 
© 1S made easier by the use of salary, salary expected at start, whether any depend- 
. . . ents, and if preference is for purchasing, sales, ac- 
S the lead which just sults the counting, engineering or production. 
1S task. 636 SALESMEN experienced in selling batteries and instal- 
>. ling service stations desired by Eastern manufacturer. 
® I h f | d a Previous road selling experience required and good 
3 mn the softer lea S, writing knowledge of batteries, service station equipment and 
. installation. 
4 and sketching are smoothly 
2 d | | d ] | *643 DRAFTSMAN AND DESIGNER wanted by large manufac- 
a an p easant y one. n the turing company in Middle West. Position permanent 
S " ¥ with good chances for advancement. A man with con- 
> harder leads, the Eldorado does siderable mechanical experience preferred. Applicant 
%, d b ” fj 2 should state training and experience and should fur- 
> not smu ge ut assures ine, nish references with reply. 
= . . 
g. firm lines. 655 YOUNG MAN with technical training and ambition to 
: obtain a thorough knowledge of gas eng*ne research, 
=~ Write us on your letterhead testing and investigation. Location near New York. 
BB 
l 656 MACHINE SHOP FOREMAN A mechanic with technical 
for free Samp es of your favor- education. Ambitious, willing to work way up. Ex- 
1 2 > . perienced in production of bushings or other small 
ite degrees. I lease mention parts in quantity runs. Must understand tooling of 
x ’ automatic equipment necessary for low-cost produc- 
your dealer Ss Name. tion. Submit details of age, education, dependents and 
positions held in last five years. An excellent oppor- 


tunity for bright, pushing worker who can handle men. 
Location eastern Pennsylvania. 


Crayon, and Kraser for every purpose. 657 SEVERAL FIRST CLASS TRUCK DRAFTSMEN required by 
rapidly growing Eastern truck plant. 


There is a Dixon-quality Pencil 
. 5 


660 HIGH-GRADE SALESMAN, experienced in automotive 


JOSEPH DIXON CRUCIBLE CO. equipment, ‘ignition and lighting systems and auto- 
Established 1827 mobile accessories, needed by Eastern accessory con- 
DXAXN' Dept. 95-J Jersey City, N. J. DO (Continued on page 64) 


A nave 
Canadian Distributors t 
*See announcement at the head of the ‘Positions and Men 


A. R. MacDOUGALL & CO., Ltd., Toronto, Ont. Available’? column, page 50 
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that means something 


RAYBESTOS MOLDED CLUTCH FACING is definitely guaranteed. 
Should it break or the facing fail to stand up, we agree to replace it 
free of charge and allow, not to exceed 8 hours labor costs for taking 
down and reassembling clutch if due to facing trouble. Guarantee covers 
six months’ service on passenger cars and light trucks, extending from 
date of installation or purchase of new car. If RAYBESTOS MOLDED 
CLUTCH FACING does not substantiate our claims, return facings to 


us, together with repair bill for labor (not exceeding 8 hours) and we 
will promptly send you check. 


MOLDED CLUTCH FACING 


(PATENTED ) 


Greatest Step Forward Since the 
Inception of the Disc Clutch 






RAYBESTOS MOLDED CLUTCH FACINGS 
are endless. They are made in one continuous 
ring, obviating numerous troubles experienced 
with the old-style woven facing on account of 
the ends or joint catching in the clutch drum or 
housing, causing clutch to grate or even causing 
it to fail to release properly. RAYBESTOS 
MOLDED CLUTCH FACING improves any 
disc clutch. 

















Improves 
Any 
Disc Clutch 
























Packed in cartons. _— s and car names printed on out- 
me of 


sic arton. —_— to stock, sell, handle Small stock 
Ste practic ally every ‘éoman. 


THE RAYBESTOS COMPANY 
Bridgeport Connecticut 
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Gm “HANDY” Auto 
Type Vo!t-Ammeter 


For electric lighting and starting system 
testing. 

Every garage and service station should 
have one. 

Small, light, compact, accurate and, above 


ali—durable. 


Six ranges: 


0-75 milli-volts 
0-3 ~—voilts 

0-30 volts 

0-3 amperes 
0-30 amperes 
0-300 amperes 


An additional range of 0-60 or 0-150 volts 
can also be furnished. 
A good instrument at a reasonable price. 
You need it. 
Prompt delivery. 


Send for No. Bulletin 140. 


Roller-Smith Company 


233 Broadway, NEW YORK 
Works: BETHLEHEM, PA. 


CHICAGO CLEVELAND DETROIT 
Monadnock Block Williamson Bldg. Majestic Bldg. 


OTHER OFFICES IN PRINCIPAL CITIES 
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674 


678 


681 


682 


683 


684 


685 


686 


*See 


Available’ 


Positions Available (Continued) 


cern to travel in Latin-America and West Indies. 


Must have good business training and knowledge of 
Spanish. 


CHEMIST, laboratory assistant with some knowledge of 
compounds, required by Chicago branch of a large rub- 
ber concern for testing and analyzing rubber and pig- 
ment and making up samples and duplicates. 


FOREMAN OF FARM TRACTOR ASSEMBLING DEPARTMENT 
manufacturing two-cylinder kerosene engines. Expe- 
rienced, capable man only. 


FOREMAN FOR TEST BLOCK two-cylinder kerosene en- 
gines, farm tractors and medium-sized stationary pow- 
erplants; one familiar with outside erecting and in- 
stalling; experienced, capable man only. 


SALES ENGINEER with knowledge of Spanish to travel 
with automotive line for New York company. Perma- 
nent and lucrative position to right man. Must be 


experienced in automotive products and highly recom- 
mended. 


Two EXECUTIVE ENGINEERS who know the automobile 
industry thoroughly to act in advisory capacity to a 
Government department. Civil service opening. Sal- 
ary $5,000. Detail knowledge of spare parts, acces- 
sories and tires, including specification details, mar- 
ket, etc., essential. 


SALES MANAGER Progressive manufacturer building 
12,000 to 15,000 cars per annum wishes to employ 
high-grade sales manager capable of creating larger 
demand. Unusually good opportunity for right man. 
Describe experience in detail. 


DESIGNER with good experience on stationary engines. 


FirsT-CLASS MACHINE TooL LAYouT MEN Only high- 
class men with a thorough conception of machinery and 
possessing original ideas will be considered. 


TRACTOR ENGINEER with experience in testing work 
needed by Western concern. 


TooL ENGINEER competent to take entire charge of 
tool engineering department. Location Michigan. 


FirsTt-CLASsS RECORD CLERK for engineering depart- 
ment. Experience absolutely necessary. Location 
Michigan. 


LAYOUT DRAFTSMEN with first-class automobile expe- 
rience desired by Michigan company. 


DESIGNERS, first-class, with experience on passenger 
cars and engines. Location Michigan. 


AUTOMOBILE RADIATOR MANUFACTURER, old established 
firm, would like to get in touch with young engineer 
who has had some experience in radiator work. 


Goop EXPERIENCED Bopy DRAFTSMAN thoroughly fa- 
miliar with body construction methods and mechanics 
of body building required by Eastern automobile com- 
pany. 


(Continued on page 66) 


announcement at the head of the 
column, page 50. 


‘Positions and Men 
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Hyatt Roller Bearings 
Never Miss a Day 


In any business that. renders daily service to the public, 
unfailing regularity is essential. The truck must make its 
daily rounds without interruption or breakdown. 


Hyatt Roller Bearings perform their share of this task 
and insure long and continuous service by protecting the 
truck’s vital mechanisms from wear and injury. 


Like the truck itself, Hyatt Bearings are constantly on 
the job. They are working to keep the truck always in good 
condition—and they never miss a day. 


Self-oiling, self-cleaning, never needing adjustment, Hyatt 
Bearings make the motor truck as dependable as the bearings 
themselves. 


Hyatt Roller Bearing Company 
Motor Bearings Division, Detroit, Michigan 


Tractor Bearings Div., Chicago, ill. 
Industrial Bearings Div., New York, N.Y 


 HYATT tee 
| KEARINGS 


~~, 
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Johns~ 
Manville 


SPEEDO 


jor FORD 
Gars 


Price 
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Positions Available (Continued) 


687 GENERAL DETAILER for body engineering department 
required by Eastern automobile company. Experience 
in body drafting not essential. 


688 CHASSIS LAYOUT MAN with thorough experience in 
general layout work on automobile chassis and en- 
gines. Location Connecticut. 


690 EpIToRIAL Eastern publisher of automotive papers 
desires a man who knows retail merchandising thor- 
oughly to travel entire country and write compre- 
hensive articles on this subject. Automotive expe- 
rience desirable. 


691 PRopDUCTION MANAGER desired by Middle West truck 
builder. One who has served in this capacity or as 
assistant preferred. Good salary and share in profits. 
Applicants should give experience in detail and ref- 

, : erences in first letter. 

In a few minutes’ time th's 

|| accurate Speedometer 

| 


can be attached to your car 


692 DESIGNING DRAFTSMAN for motor truck layout work. 
Permanent position and advancement for an aggres- 
sive man with experience. 









































From the moment you com- 
plete the job, your car speed 
will be truthfully shown—your 
mileage (trip and season) ex- 
actly recorded You will have 
a steady working ‘‘tab’”’ on op- 
eration—will definitely know 
gasoline, tire and car mileage 
cost 





693 CHIEF ENGINEER AND DRAFTSMEN desired by Middle 
West truck builder. 


694 DRAFTSMAN to design mechanical jigs and fixtures. 
Location New York City. 





695 DRAFTSMEN with experience on ignition apparatus. 
Location Buffalo, N. Y. 

The Johns-Manville Speedometer 
is simple and rugged in con- 
struction. Mounted on an in- 
strument board of selected maple 
highly finished in black, suff- 
ciently strong to permit mount- 
ing of clock or other instru- 
ments. It adds the finishing 
touch of refinement—and beauty 
to your car. 


696 ENGINEER to take charge of starting, lighting and 
ignition systems. One familiar with apparatus of all 
makes. Location Baltimore, Md. 


697 SALES MANAGER with good selling experience and some 
technical knowledge desired by Eastern engine builder 
to sell engines to manufacturers of passenger cars. 





The Adjustable End Brackets 
make possible a snug, solid fit to 
any open model Ford car. An 
ingenious device, this is but one 
of the many exclusive features 
of value which the combination 
Johns-Manville Speedometer and 
Instrument Board adds to your 
car. A 


698 AUTOMOTIVE ENGINEER for designing and general engi- 
neering on a truck-tractor. Location Chicago. 








*699 SALES ENGINEER to manage Chicago office of Eastern 
parts company. One with experience on bearings 
preferred. 


To the Trade: The 


l ohne i 1] 700 EXPERIENCED RUBBER ENGINEERS for development and 
Jonns- Manville Saies po | 








icy assures both jobber a manufacture of tires desired by New York concern. 
and dealer real trade pro- : 
tection. Ask for details. 701 SKILLED MACHINIST AND TOOL MAKER to teach in a 
. HI leading technical institute. Location New York City. 
H. W. JOHNS-MANVILLE CO. {||| ” 
| ° » 9 e 
New York City. 702 SALESMEN desired by Middle West truck builder. 


10 Factories—Branches in 63 Large Cities 


P : 703 SALES ENGINEER desired by well-known New England 
if you nave a closed body Fore 
be helen 1] truck company. 





ask specifically for 





704 ELECTRICAL REPAIRMEN on automobile starting motors 
and generators desired for Eastern service stations. 





705 SALESMEN with engineering training and experience 
in plywood or structural work desired by New York 
manufacturing firm. 








706 CHIEF ENGINEER AND PRODUCTION MANAGER desired 
by Indiana tractor builder. 


PACKINGS 





707 SALES ENGINEER to call on trade desired by Indiana 
Gata parts manufacturer. Prefer one with some bearing 


FIRE 
PREVENTION 
PRODUCTS 


experience. 
AUTOMOTIVE EQUIPMENT (Continued on page 68) 


*See announcement at the head of the ‘Positions and Men 
Available’’ column, page 50 
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Gen. Pershings LOCOMOBILE 


Lg Li Ipp: > " th 


Gé&O Radiator. 


“a 
HIS fast Army car, designed for the use of Gen. Pershing, 
represents possibly the last word in automobile construction. 
LOCOMOBILE engineers selected the G & O Radiator, because 
the quality of the cooling unit must be consistent with the quality 
of the car itself. All LOCOMOBILE cars are equipped with 
G & O Radiators. 
THE G & O MANUFACTURING CO., New Haven,Conn.  @ 
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You Engineers Know 


that your public demands power pump equip- 


ment. You furnish such equipment on over 
eighty per cent of the cars recognized as leaders. 


A Well Made Pump 


is imperative. A poor one is a false friend in 
time of trouble. It must have generous ca- 
pacity. It must withstand neglect and abuse. 


Detroit Accessories 
Corporation 


guarantee all their pumps for life. You know 
what this means. Three years’ successive 
equipment on Twin-Six cars endorses it. 


The heavy torque of a pump running at full 
load imposes so severe a strain on the driving 
member that there are only two safe points— 
the front end of the motor crankshaft and the 
transmission gears. 


For cars of medium price and tires up to 
34” x 414” the standard crankshaft pump is 
efficient and much more economical. For 
heavier cars the transmission type can be fur- 
nished in larger sizes and with gear drive. 


BLUE PRINTS—QUOTATIONS 
SAMPLES ON REQUEST 





Detroit Accessories Corporation 
Gratiot and Fisher Avenues Detroit, U. S. A. 


FACTORY BRANCH OFFICES: 
Miller-Cave Corporation, 122 So. Michigan Ave., Chicago, Illinois. 
Asch & Company, Inc., 16-24 West 61st Street, New York City. 
Wright Accessories Corporation, Atlanta, Ga. 
Hughson & Merton, 77 O'Farrell Street, San Francisco, Calif. 
J. B. Lawrence & Company, Winnipeg, Canada. 
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*718 
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*See 


> Two 


Positions Available (Concluded) 

SALES ORGANIZER to direct policy and sales for new 
specialty company. Location Chicago. 

TRUCK DESIGNER with experience on worm drive axles 
desired by Philadelphia firm. 

YOUNG ENGINEER with good knowledge of 
dynamics desired by progressive Eastern 
manufacturer. 


thermo- 
radiator 


ENGINEER with excellent gage experience to supervise 
gage design and standardize gage practice. 


SALESMAN, age 30 to 40 years, personally acquainted 
with large jobbers and manufacturers of bicycles and 
accessories. To represent prominent accessory manu- 
facturer. Must be alive to the importance of cycle 
industry; capable of meeting big men and a good judge 
of human nature. State salary desired. 


SALESMAN with experience in sale and manufacture of 
steel stampings for administrative, salesman and sales 
manager duties. Location Indianapolis. 


DESIGNER AND DRAFTSMAN desired by Indiana tractor 
builder. 


DRAFTSMAN experienced in truck and tractor design 
desired by Chicago firm for work on industrial tractors. 


MECHANICAL DRAFTSMEN experienced on body 
hardware for a Michigan automobile body builder. 
State experience and salary expected. 


OPEN Body DRAFTSMAN with experience in production 
work. Replies should give details of experience and 
salary desired. Location Michigan. 

DRAFTSMAN experienced in tool and die designing 
wanted by a Michigan automobile body company. Ap- 
plicants should state experience, salary expected, etc., 
in first letter. 


SALES MANAGER on passenger cars. One who has a 
wide acquaintance in the trade and who has been 
associated with a well-known company for a period of 
years preferred. A special opportunity is presented 
for a man of ability who wishes to become financially 
interested. 


DESIGNER AND DRAFTSMAN desired by Eastern truck 
manufacturer. 


LAYOUT MAN with experience on metal bodies desired 
by Eastern truck manufacturer. 


DESIGNER with experience on motorcycles. 
the East. 


Location in 


ENGINEER wanted by a new tractor manufacturing 
company which will assemble a tractor of new design 
but of standard parts. Must be capable of advising 
management on proper selection of parts, supervising 
the designing of details for economical manufacture, 
be able to advise on and install proper equipment for 
assembling tractor, must also be capable of handling 
men successfully. A splendid opening for the right 
man. In replying state age, experience, salary ex- 
pected. 


FACTORY SUPERINTENDENT desired by tractor builder. 
Location Indiana. 


SALES AND ADVERTISING MANAGER experienced in 
marketing tractors wanted by Indiana firm. 


) CHASSIS LAYOUT AND DETAIL DRAFTSMEN. An East- 


ern builder of motor trucks has an opening for several 
first-class men. 


announcement at_the head of the “Positions and Men 


Available” column, page 50 
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RESERVE STAMINA 


in the Herschell-Spillman “4” makes possible its enduring performance. 
Passenger cars and commercial trucxs with an “H-S 4” motor never fail 
to operate smoothly, with extra power for any emergency. 


Motor vehicle makers who value their reputation to-day as an asset for 


to-morrow are invited to investigate the accepted superiorities of the 
“H-S 4.” 


Ask us for detailed data. 


Herscheli-Spiliman Motor Company 
North Tonawanda, New York, U. S. A. 


SN 
“A 
~ 
SO 
—_ 
~ 


~ 
SS“ 








70 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


June, 1919 








With the 


Velvet Clutch Bull-Dog Grip 


! A full line of clutches and controls suit- 
DRILLING able for all sizes of cars, trucks and tractors 
. comprises the Detlaff line—each perfectly 
fitted to its work. 


We will gladly send details. 


DREADNAUGHT 
Indestructible Hub Odometer 


SALES AND SERVICE A. J. DETLAFF COMPANY 


acon Mittsburgh Vew Orleans 
uffalo Portland, Ore. Milwaukee . H * 
Chicago Rept ene a 126 Lafayette Ave., E. Detroit, Michigan 
eveland Seattle Newark 
Detroit St. Louis Los Angeles 
Philadelphia Washingten New Haven 
London, Eng. 
, cf . ~~ ; Makers of Government Standard ‘‘B’* and ‘“‘AA”’ 
American Taximeter Co. Bids. §§ New York 
2. clutches. 


Ce eae i eign 








SERVICE “A Sure Start Assured”’ 


may be guaranteed by using is simply another way of saying 


KINSLER ‘ BENNETT that a car is equipped with 
TWO-JOINT PROPELLER-SHAFT ASSEMBLIES The 44 Y-, X10 rg 9? Battery 


Sizes For 
There’s an ‘“xtde” Battery 
1 to 7-Ton Trucks for every car and an “Exide” 


Service station in Principal 


The quality of K-B products is of the best thee es 
special drop forge steel throughout. Our Cities and Towns. 
interests are your interests. We will gladly 
help you plan your layouts. 


THE ELECTRIC STORAGE BATTERY CO. 


The oldest and largest manufacturer of Storage 


THE KINSLER-BENNETT CO., Inc. shomenate 


254 Market Street, HARTFORD, CONN. a | 


New York, Boston, Washington, Minneapolis, Denver, 
" ‘ . Detroit, San Francisco, Kansas City, Chicago, Cleve- 
The American Distributing Co. land, Atlanta, Pittsburgh, St.Louis, 
Rochester, Toronto 
Direct Factory Representatives 


Kresge Bldg. Detroit, Mich. 
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Dynamo and 
Motor 























Millions of pounds of 
VUL-COT Fibre are used 
annually for the insulation 
of dynamos,. motors, elec- 
trical instruments and ap- 
























































pliances. 


The insulating ability of 
VUL-COT Fibre and the 
ease with which it can be 
machined to any desired 
shape make it adaptable for 
many parts and purposes. 


VUL-COT 
FIBRE 


(A higher development of 
vulcanized cotton fibre) 












Obenberger Forgings 
Are the Work of Experts 


OBENBERGER Forgings are made and 
handled throughout by experts—specialists 
whose ability and practice have proved them 
masters in their line. 


can be turned, tapped, 
threaded, drilled, stamped, 
cut and sawed. It is eco- 
nomical not only because of 
its long wearing qualities, 
but also because of its low 
initial cost. 





Perhaps in your plant a number of ex- 
pensive materials can be replaced by VUL- 
COT Fibre. It is sold in sheets, rods and 
tubes, or machined to your specifications. 


Reflected in the guaranteed service of 
OBENBERGER products is quality of 
workmanship and material. Orders are 
receivable for Drop Forgings or Forgings 
Hammered from Billets by the thousand or 
100,000. All perfect. 


Write for samples and particulars. 


AMERICAN VULCANIZED FIBRE CO. 
521 Equitable Building, Wilmington, Del 
SA 


‘ES 
STO! Pp Oe oS a CLEVELAND CHICAGO 
REW YORK Pols. WURG! DETROIT OUI 





Write for complete details. 


JOHN OBENBERGER FORGE CO. 


WEST ALLIS WISCONSIN 





Wester Me 
Western Electric Company 
ar FRANCISCO r¥ 


MU 
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| We Sl Clutch —No Sorin Press We - Gutch—Nat Spring Pressure 


~ 9 pr 
i lyon : bth 


“M & E” 






HIS clutch is 
built for serv- 
ice and hard duty. 


It has been de 
= signed with a mul- 
am ae | tiple of large fric 


tion surfaces, 
instead of using larger spring pressure for in- 
creased transmitting power. 
Consult our Engineering Department in Phila 
delphia for details. 
Literature sent upon request. 


Please mark your inquiry for Dept. 64. 


MERCHANT & EVANS Co 


NEW YorRK PHILADELPHIA WHEELING 
BALTIMORE CHICAGO 
ATLANTA ST. LoviIS 
CLEVELAND KANSAS CITY 





Automobile Truck Tractor 
Capacity 1000 Tons per Month 


Front Motor Support 


Weight, 34 lbs. 
Anything that can be drop-forged 3 oz. to 300 Ibs. 


Completely Machined Crank Shafts 
Open Hearth or Alloy Steel 
Heat Treatment 
Laboratory Equipment 


SWISSVALE, PA. 


2 Miles East of Pittsburgh, P. R. R. 





DROP |FORGINGS 





UNION SWITCH & SIGNAL CO. 
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nd Abuse ,, 
The Ban and Roller | 


Bearings 


The Use 
and Abuse 

~+) opt tall 
/7--—- \ and Roller 
| Bearings 


By 
F. J. JAROSCH 
| Chief Engineer 
\ Bearings Company of 
merica 


Le 
This booklet is being used today as an 
authority by many of the leading engi- 
_neers. It will assist in finding the true 


cause of trouble and will tell how to over- 
come it. 


“The Use and Abuse of Ball and 
Roller Bearings’’ should be a part of every 
engineer's library. 


Please send for Booklet 95-Z— it's free. 


Joseph Dixon Crucible Co. 
Jersey City, N. J. bY 
Established 1827 








Furnished as standard equipment on nearly 
a score of America’s best known passenger 
cars and trucks. Also selected by the makers 
f Auto-Lite and 
Lighting 


Remy Starting and 


Systems. Over a million now in 


operation. Write for catalog and prices. 


ac ee W.G.NAGEL ELECTRIC &) 
3° TOLEDO, OHIO. W 


iF 
Largest Manufacturers of Ammeters in the World 
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USED ON 
HIGH-CLASS 
MOTOR VEHICLES 


as the one absolutely satis- 
factory gasoline carrying 
receptacle. 


Only the finest steel is used 
in making “Jasco” tanks. 
They are seamless drawn, 
tinned and tested—will not 
leak under the severest 
strain of the roughest 
service. 


Send for detailed literature. 





a " 
JANNEY, STEINMETZ & CO. 


Main Office: PHILADELPHIA 
New York Office: Hudson Terminal Building 

















Texaco Motor Oils 


A grade for every type of motor. They have the 
right body to withstand high heat. They flow 
and lubricate below zero. Texaco Motor Oils do 
not leave hard carbon deposits. 


Texaco Thuban Compound 


for Transmissions and Differentials 


With this lubricant fill the gear case only up to 
the lowest gear tooth. One such filling will last 
for 5000 to 10,000 miles. Each gear tooth is 
coated. There is less noise, less wear. Thuban 
sticks, lasts longer, lubricates better. 


Texaco Motor Cup Grease 


An unusually efficient and economical lubricant 
in the grease cups of any car. 


Write for particulars. 


There is a Texaco Lubricant for Every Purpose 


THE TEXAS COMPANY 


17 Battery Place, New York City 


HOUSTON CHICAGO 
NEW YORK 


Offices in Principal Cities 











Every 
Engineer 
Knows— 


that an unknown or unreliable Ammeter on 
dashboard or cowl is a menace, instead of a 
safeguard, and that with such an untrustworthy 
instrument the driver is liable at any time, with- 
out proper warning, to find that his battery is 
exhausted and his starter won’t start and his 
lights have failed. 


To equip a good car with an inefficient Am- 
meter is sure in the long run to bring discredit 
upon the car itself, for when the car owner 
does not secure good service he blames the manu- 
facturer of the car. 

You should not run this risk of injury to the 
good name of your product. It is easy to avoid 
it. You absolutely know that the 





Model 354 AMMETER 


is the standard and only reliable Instrument for 
this service. It furnishes the driver the only 
reliable means of knowing whether he is main- 
taining the proper condition of his battery. With- 
out a Weston Instrument he never can be abso- 
lutely sure that his generator is working and 
his storage battery receiving its proper charge. 


Weston Electrical Indicating Instruments are 
used wherever the art of electrical measurement 
is practiced throughout the world. The Model 
354 Ammeter fully maintains the prestige of 
Weston Instruments. 


Write us—we would like to discuss the matter 


with you. 


Weston Electrical Instrument Co. 
38 Weston Ave., Newark, N. J. 


New York Cleveland Denver Buffalo 
Chicago Detroit Cincinnati Minneapolis 
Philadelphia St. Louis Pittsburgh New Orleans 
Boston San Francisco Richmond Seattle 


Miami, Fla. 
And in Principal Cities Throughout the World. 
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Jag : HC cE, With a 
Operating hub-deep in a sea of mud at a pos- \N 
sible angle of 30 degrees, the front wheels o us \ PUMP CONNECTION 
famous Duplex Four Wheel Drive Truck are being \ 
driven by I\ 


BLOOD BROTHERS i attached to your tire pump, 
UNIVERSAL JOINTS \ 





you will know when to stop 
ih elie alk nehie oh ccmbitens. For over pumping. It permits the 
ee Senennees, :srucks ‘@ measuring of the inflation 

Write for Booklet O (Ng without disconnecting the 


pump and the tire. 


A.SCHRADER’S SON, Inc. 
783 Atlantic Avenue Brooklyn 
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ors as regular equip- 
ment over SO per cent 
more than are using all 





other makes of govern- 
ors combined. 
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S. PAT. OFF 


All-Metal Flexible Tubing 


Adopted by the U. S. Government for Aero- 
planes, Dirigibles, Trucks, Tanks and Tractors 


TITEFLEX gets its convenient 
flexibility from the elasticity of 
its corrugations. Its cold-welded 
seam is as permanently leak-proof 
as solid metal and there are no 
joints to wear out and no pack- 
ing or lining to disintegrate and 
contaminate the fluid. 

TITEFLEX is furnished in sizes 
from 3/32” up to 21%” inside di- 
ameter and cut to lengths de- 
sired, with any required kind and 
size of couplings. 

Our Engineering Department will 
solve your tubing problems with- 
out expense for service. Write 
for literature, samples and prices. 


Titeflex Metal Hose Corporation 


General Office and Works: 
Badger Ave. and Runyon St., Newark, N. J. 


471 Bourse Bldg., 1421 Ford Bldg., 550 McCormick Bldg., 
Philadelphia, Pa Detroit, Mich. Chicago, Il. 


DOEHLER 


DIE-CASTINGS 


The resources and facilities of this Company, the 
leading and largest of its kind in the world— 
greatly multiplied during the war to assist the 
government in its war program, are again at the 
disposal of the trade in general. 


11 


Manufacturers in 
the Automotive 
Industries will 
find Doehler 
Quality and 
Doehler Service 
again prepared 
to do their bid- 
ding with greater 
than ever Doeh- 
ler Efficiency. 


DOEHLER DIE-CASTING Cc 


WESTERN PLANT B ROOKLYN. N.Y. NEW JERSEY PLANT 
TOLEDO.OHIO. NEWARK. N.J. 





Aluminum Die-Cast 
Speed Indicator Housing 





Die-Castings in Brass and Bronze, Aluminum and White Metal 
Alloys. Babbitt-Lined Bronze and Aluminum Back Bearings. 
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Che Schatz 


UNIVERSAL’ 


Annular 
Ball Bearin 


SAFETY—CARRYING CAPACITY 


@ Under all conditions of speed and 
load, Universal balls roll. There is no 
sliding friction. @ Shock through ball 
center is impossible. Space between 
outer race rings prevents the blow. 
Therefore ball fracture cannot occur. 
@ Outer race opening distributes radial 
load. Result, greater carrying capacity, 
greater safety, better, cleaner lubrication. 
@ “Universal” design is a strong efh- 
ciency factor. 





Write for Catalog. 


THE FEDERAL BEARINGS CO... 


30 WILLIAM ST-> POUGHKEEPSIE N*Y- 


Great Britain: 37 Sheen Road. Richmond. London. 


Will reduce your lighting, ignition 








and starting troubles to a minimum 
because its construction makes it 
practically impervious to the destruc- 
tive attacks of heat, oil, water, vibra- 
tion and mechanical injury. Fur- 
nished in complete units or to your 
specincations, 


Let us quote on your requirements. 


** Lachauh. 
Chatuc Gomfransy 


Warren, Ohio 






District offices in Atlanta, Chicago, Dallas, Denver, 
Detroit, Kansas City, San Francisco, Seattle, 
Minneapolis, New York 
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‘A WIS- 
CONSIN” — 
this means 

that the engine 
was perfectly fit- 
ted, adjusted and 
run in before it left 
the Wisconsin shops. Think that over, Mr. 

Manufacturer, Mr. Dealer and Mr. User. WIS- 

CONSIN Engines are priced higher, but cost 

less than others—less to install—less to sell 

less to use. Write for description. 


Wisconsin Motor 
Mfg. Co. 


Station A, 
Dept. 318 


Milwaukee, 


Wi s. XN 
LY 
eee 








Motors 
or Trucks and Tractors 


Four cylinder, valve-in-head 
Motors, with ample bearing surfaces 
and lubrication for heavy-duty truck 
and tractor service. 


Weidely “‘Bulldog’’ Motors have 
been built in large quantities and in 
successful use for years. 

Full details and specification- »n 
request. 


Weidely Motors Company 
Indianapolis, U. S. A 








— - 
———— Sa = TN 4 


‘They have a REPUTATION of being the BEST CAM SHAFTS M 





Motor Temperature Control 


on 
by means of the Sfylphe 
é REGULATOR 


means 

“<é . . 

A Warm Motor in a Few Minutes” 
aiter starting and maintenance of correct engine 


temperature under all conditions of operation 


It promotes complete combustion, reduce I de 
furthers smooth, uniform operation at 


all times, thus prolonging the life of t1 


motor. ” 
S \. E. members sending us ( Wl phe 
name will be furnishec { with a tch 

he rider embodvit Y 


THE FULTON CO. 


Knoxville, Tenn. 





@ 





What Parts Do You Want? 


We specialize on axle and wheel parts and our larg- 
est presses will handle cold sheet metal up to 7% in. 


thick. 


We also turn out light stampings such as washers 
in any material, our complete line numbering over 
200 motor truck and automobile parts. Facilities 
for annealing, case hardening, nickel plating and 
welding, both electric and oxy-acetylene, are in- 
cluded in our equipment. 


The Bossert Corporation 
Utica, N. Y. 


New York Sales Office, 30 Church Street 


Awww 
TOMO ees 


ara 


ra) 
fo 


INN MMMM 


jue 


co 


el 
ie 





| BROWN-LIPE-CHAPIN 
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More than Two and One-half Million Gilmer 
Woven Endless Fan Belts have been furnished 
to manufacturers and users of automobiles 
during the past year 


PHERE are more than 50 places 
in motor cars where cork is be- 
ing used to advantage over other 
materjals. Maybe in one or more 
of these you can use Acco Cork 
Composition or natural cork to 
solve your problem. At any rate 
it costs you nothing to experiment 
with sample gaskets, floats, etc., 
eut to your own specifications. 


Other Gilmer Woven Products are 


Body. Spring and Radiator Shims 
Radiator and Hood Lacing 
Rebcund Straps 
Top. Tire and Deor-check Straps 
Strainer Web 
Webbing for All Purposes 
Gilmer Woven Endless Fan Belts are im 
pregnated with a protective compound that 
resists wear prevents troublesome stretch 
ind Harm from oil, grit, heat and moisture. 

Armstrong Cork Company 
127 Twenty-third St., Pittsburgh, Pa. 
Branches in the Principal Cities 


aN conn if | Gaskets 
Petree § Wnalbews 


SHEET METAL STAMPING 


We are building axle housings, brake drums, 
and «ther parts for the heaviest motor trucks 
ever built, and have ample capacity for still 
heavier. 


With our complete equipment we cover the 


Inquiry solicited 


L. H. GILMER CO. 


PHILADELPHIA 
Chicago 





Detroit 










AUTOMATIC PYROMETER 
CENTRAL STATION 


The Leeds & Northrup Potentio- 
meter System of Pyrometry combines 
sensitiveness and accuracy of tem- 
perature measurement with unlimited 
power for the operation of furnace 
indicators and signals. Disturbing ef- 
fects of thermocouple, lead and gal- 


vanometer resistance, galvanometer 
entire sheet metal stamping line. calibration and cold-end temperature 
: : _ 3 are eliminated. Inexpensive, rugged 

We solicit your inquiries. 


base-metal couples give dependable 
accuracy. Ask for Catalog 87. 


THE CROSBY COMPANY THE LEEDS & NORTHRUP CO. 


Makers of Electrical Instruments, including Ther- 


mocouples, Resistance and Optical Pyrometers. 
DETROIT OFFICE: CLEVELAND OFFICE: 
914 Ford Bldg. BUFFALO, N. Y. 415 Schofield Bldg. 4905 STENTON AVENUE 


PHILADELPHIA, PA. 38 


Automobile CROFOOT GEARS 


S teels STAND FOR 


“BOOK OF STEELS” 


SENT ON REQUEST | Quality Service 





_ 


GEARS 





MANUFACTURED BY 


Trade Mark 
PETER A. FRASSE & CO., Inc. 
General Offices, NEW YORK—Works, HARTFORD CROF OOT GEAR WORKS 


INCORPORATED 
STOCKS AT WAREHOUSES 


31 Ames St Cambridge 
New York Buffalo Philadelphia Hartford 


“A” Branch 
BOSTON, MASS. 











“A better spark in a simpler way’’ 





BROWN-LIPE 


TRANSMISSIONS 


The TEAGLE 


High Tension 
MAGNETO 





DIFFERENTIALS 








for Trucks and Tractors—two, four or six cylinders—with fixed or 
variable spark. Conforms to S. A. E. standards. Write for booklet. 


THE TEAGLE COMPANY 


CLEVELAND, O. 


Factories and General Offices, Syracuse, N. Y. 





| 
| 
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ON JUNE Ist 
SALES PRICE ON CANADIAN 
TRAINING PLANES ADVANCE TO 
$2,500.00 COMPLETE, F. O. B. TO- 
RONTO, CANADA. Effective that date 


all outstanding quotations are hereby 
withdrawn. 


United Aircraft Engineering Corporation 
52 Vanderbilt Avenue 
New York City 


F. G. Diffin, Pres. Roy U. Conger, Vice-Pres. 


PISTON PINS DIE CASTINGS 


VALVE TAPPETS STAMPINGS 


SCREW 
MACHINE 
PRODUCTS 


SMALL 
UNIT 
ASSEMBLIES 


THE 
RECORDING DEVICES COMPANY 
550-570 W. 5th Street DAYTON, OHIO 


ECLIDSE 


BENDIX DRIVE 


or Electric Starters 


AUTOMATIC ENGAGING 
AND DISENGAG/NG 


Used hy 
lO motor car and 
truck builders 


SHIMS 


.001 INCH THICK AND HEAVIER IN BRASS, 
STEEL OR COPPER 


Send us your Blueprints and let us figure on your 
requirements 


ECLIPSE MACHINE CO 
ELMIRA, NEW YORK. 





Kales Stamping Company 
448 West Lafayette Boulevard 
Detroit - - Michigan 
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Ee ON AIRPLANES, these 
; vil-less neglec ct-pro of bush 
\ ings are protecting vital 
| parts against da — ss 
} and lack of lubricatic 
a !/ BOUND BROOK 
yf or and NIGRUM 
TRADE MARK REG. U. 8. PAT. OFF. 


OIL-LESS BUSHINCS 


All Genuine Graphited Oil-less 
Bushings have always been made 
at Be ote ben ok, U. s 


BOUND BROOK 
OIL-LESS BEARING CO. 


Specialists in the manuf ac tu of 
Otl-less Bushings for more ‘th an 
a third if a century 


Bound ea, New Jersey 








FOR 





GUARANTEED (€ (7 


Every car 
for the life owner 
of the car. wants it 


U. S. AUTO GE: AR SHIFT CoO. 
| 122 S. Michigan Ave. 
| CHICAGO 


= 














Berling Magheto 








) FORGINGS 


= te ZA 

For Automobiles, Tractors, Aeroplanes, 
Machines, Guns, etc. 

The manufacture of high grade drop 
forgings is our specialty. 

A trial order will convince you of the 
quality of our forgings. 


ENDICOTT FORGING & MFG. CO., Inc. 


| ENDICOTT, N. Y. 
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- Spicer 


Universal Joints 











Universally Accepted as the Most Dependable Flexible Connection Known to Motor Car Practice 


Grease - Tight Dust - Proof 


PARTS INTERCHANGEABLE 


SPICER MFG. CORP., South Plainfield, N. J. 


Sales Representatives 
L. D. Bolton, 2215 Dime Savings Bank Bldg., Detroit 
A. H. Coates, 41 Spear Street, San Francisco 
Export: Benjamin Whittaker, 21 State Street, New York 


LT CRATE TUN 1ST EVPN YT yyyN I EUNL ITEC IOONEEEDAOULEUOESOOTPEREL IT PORLOGIOL LOLEFROETS TERE OOEN D1 ENED DBE LEREDOSCERERREEEREOOHH H4 Doge | 














AUBURN BALL THRUST BEARINGS 


POBURN T7114 















HAMMOND 


MALLEABLE IRON CO. 


HAMMOND, INDIANA 





High grade malleable iron castings 
for automobile, truck and tractor. 
ANSWER END THRUST ne PROBLEMS 


Write for Bulletins or State Your Problem. Average tensile strength 50,000 Ibs. 
AUBURN “BALL ‘BEARING "COMPANY Capacity 20,000 tons per annum. 


40 Elizabeth St. y ROCHESTER, N. Y. 





THRIFT" 
Wise spending, 
Sane saving 


and 


Sate investment 


-CASTINGS- 


ALUMINUM-ZINC-TIN &LEAD ALL°YS 


Acme Die-Castin Corp 


Boston Rochester Brooklyn N.Y. Toit Chi 


—____—- BUY W. S. S. 
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PRESSED STEEL FRAMES AND PARTS 


For Trucks, Tractors, and Miscellaneous 


Aeroplanes Stampings 


and Passenger Cars of All Kinds 





THE HYDRAULIC PRESSED STEEL CO. 


CLEVELAND, OHIO 


Detroit Office: Chicago Office: 


New York Office: 
Book Bidg. Fisher Bidg. 


Singer Bldg. 
London Office: 
Denmark Street, Charing Cross Road 
















_ Radiator 
_\ Insurance 


: 
















HELICAL TUBE 
COOLING SECTIONS 


are guaranteed for the life of the 

truck on which they are install- 
ed. They are perpetual insurance 
against radiator trouble. They 
satisfy all of the exacting require- 
ments of the most critical engi- 
neers. They are the last word in 
modern radiator construction. 
@ Ask us for information. 
@ Our Engineering Depart- 

ment is at your 
service. 















Sole Manufacturers 


Rome-Turney Radiator Co. 
Rome, N. Y., U.S. A. 





19 June, 1919 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 
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One shaft worn more than half thru in one 
year by ordinary bushings. 





the shafting was 1146 in. diameter, 5 ft. long The same size shaft........... $2.25 
UR MES A se eee ee $2.25 [he Arguto Bearings in place. 2.78 
The old bearings had cost in place......... ~. O80 








Was still running seven years 
Sometimes they lasted ONE year........ ose cc Qgs MOET |. do eninn wares $5.03 


In seven years the old way would have cost $75.25 
SEGRE: DONE. 6b. 6c cse wcceinniae eos 5.03 
VMS “SRO xm 5c eis deca se no $70.22 per bearing 


(This does not take into account the labor saving. One mill saved $1694.00 in one 

year on labor alone by using Arguto.) 

How many bearings in your plant could be equipped with Arguto? 

Write us the size of shaft, or the kind of duty they perform and we will tell you 
where and how many Arguto Oilless Bearings you could use to advantage. 


ARGUTO OILLESS BEARING CO. 
156 Berkley Street. Wayne Junction PHILADELPHIA 





And Seven Years 
of After 





Shaft polished but not cut 
after seven years with 


ARGUTO bushing. 





TOUEUEGTEUEAELECELEEULURAEUEELENATUEDUETALEOUYNOLONOEOETUEDEDEEERADEDEDEDONOEOAOETAQUNOGLOODAALELURASUEDUDUNOELAUOEONOEDOBUAUEDEENSOUDEEOASOEOERNEREREDEEDEAEANOSEAEDESNENNENONERERESHSNEL"** 


TRUCK AND TRACTOR MOTORS! — 


AEVORADEDAOSBRECESEAROODOSBUmDEREOOUET. 
osuuneneusnensevenncnenenennenvassenersesvsvevenecensonnenssgecusennonnnavensocenensenersonanananoecsnsseneneomenaaonenentsvenscennesesenvenaponsagnenssenepersstnasistee) a 





MODEL H. “LMF’’ MOTOR 


344 x 4V.—4 cylinder—17% diameter crank shaft 
31, x 414—4 cylinder—2” diameter crank shaft 


| LIGHT. MANUFACTURING & FOUNDRY COMPANY, Pottstown, Pa. 


AON Nae po beRe HD: 
sseusnevcanannvevecvasuensuvecuuasvnnuncuncnnoovsvocensueevvevoniuersuunssveneocenacounasceaneuserssenonuauscountesousesupenenegnsnggustcUvsusoucensceevoqegpesescensoouenoucerssseauecagnasees eensceuoeceonoeesnvenseceensesanencess ovstenesens veemmmeanesnenssoesnenseott 


| eee EEE 
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UNION DRAWN STEEL CO. 


General Offices: Beaver Falls, Pa. Works: Beaver Falls, Pa., and Gary, Ind. 


Shafting 
COLD Screw Steel {BESSEMER 


DRAWN _OPEN HEARTH 


NICKEL—1% AND 34% 
OR Alloy Steels 1 ; 
CHROMIUM 


NICKEL CHROMIUM | 
Heat Treated ‘o 
TURNED __ | (st Treated or not) | © ROMIUM—VANADIUM, ETC. 


AND Axles, Piston Rods 
POLISHED ne Shapes 


pecial Case-Hardening Steels 


Cold Finished Bessemer, Open Hearth, Crucible and Electric 
Furnace Steels 


BRANCHES: 
New York Detroit Cincinnati Boston Philadelphia Chicago Buffalo 


PARK tecraLty 


COUNTER BALANCED 
CRANK SHAFTS 


PATENTED JULY 10, 1917 








Quick Get-a-way 
Higher R.P.M. 
Reduced vibration 

Smoother running motor 
Eliminated bearing troubles 


We have shipped 69,818 Counter Balanced Crank 
Shafts up to May 15, 1919 


The Park Drop Forge Co. 


CLEVELAND 
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PRECISION SCREW 
MACHINE PRODUCTS 
SPECIALIZING ON 


Spring Shackle Bolts, Rocker 
Arm Studs, Connecting Rod 
Bolts, Carburetor and Magneto 
Parts, Plain and Castellated Nuts, 
Push Rods, Valve Lifters, Cap 
Screws, Valve Tappets, Studs and 
Pins of all kinds. 


Preferably parts of Nickel and 
Alloy Steels, requiring accuracy 
in machining and heat treating. 






























































































Permit us to quote you 
on your requirements. 
ERIE SPECIALTY ©. 


ERIE, PA. 
New York Office, 





& West 40th St. 














= a o AP fw om . S SRR ALARe mae 
a* PT eet eee 
a rae 7 


We are always ready to co-op- 
erate with engineers in working 
out designs that meet their par- 
ticular requirements. Our skill, 
knowledge and experience are at 
your service and we invite you 
to submit your lamp problems 
to us. 


Manufacturers who can use 
standardized designs should get 
fares our catalog and quotations be- 
: j their orders. 
TRUCK LAMP f fore placing e 
Model No. 701 


mm TRACTOR LAMP 
" Seka et oti wt ews dVu0W VeeteNe et 2 Model No. 700 


Pet hace Se 
is) 


‘wiak, “ et att 
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PRESSED STEEL 
AUTOMOBILE FRAMES 


FOR TRUCKS AND PASSENGER CARS 


Originators and manufacturers of Heat-treated Frames 


PARISH MANUFACTURING COMPANY 


DETROIT, MICH. READING, PA. 


SMITH PRESSED STEEL FRAMES 


We have the largest and best equipped plant 
in the world for passenger and truck frames 
of any design and capacity. Our facilities 
for Heat Treated Frames of which we are 


large producers are unsurpassed. 


A. O. SMITH CORPORATION 


MILWAUKEE 
Detroit Office 708 Ford Building 





June, 1919 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 





a \\ Their Relation to 


Magneto Generatop 


Your Produc 





There is no question regarding the advantages of 
die-castings. If properly applied, they are both 


more economical and more practical than machined 
parts 


We can help you decide their proper application to 
your product Help you—because we not only 
originated the die-casting process but have had 27 
years’ continuous experience and study in perfect- 
ing it. 


We have many times overcome problems which 
have baffled others. 





Isk for a representative to call, or 
send sample or blue print for recom- 
mendation and estimate Booklet 
‘A” will be sent upon request. 


i 
FRANKLIN Senet 
E-CASTIN G S Franklin Manufacturing Co. 


755 Gifford Street Syracuse, N. Y. 


[AMINUM, 


JAMINUR 













































































. THEY SAVE time, labor 

and money. Quick adjust- 

by merely peeling off lav- ments plus superior service 
ers of brass with a_ pen- 

knife. Send for free sample. 


when your shims are made 
of LAMINUM. 

LAMINATED SHIM CO. 

DETROIT: Dime Bank Bldg. 








SM) 


it villa 
are made quickly and easily 
ENGLAND: R. A. Rothernel, 6 Great Marlboro St.. London, W 












¢ 
| 
( 
i 
‘ f 
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THE BEARINGS COMPANY OF AMERICA, manufacturers of 


Star’ Ball Retainers for Thrust, Magneto, and Cup and Cone 
types of Bearings. 


Complete Ball Thrust Bearings (made to your requirements. ) 
‘Sterling’ Universal Joints for trucks and passenger cars. 


Drop Forgings. 





The Bearings Company of America 
LANCASTER, PENNA. 


Western Sales Office, 
1012 Ford Building, Detroit, Mich. 




















vienna nite 


‘4 
ll 





During the war 95% of Zenith production 
went to supply Zenith Carburetors to the Gov- 
ernment. These were used on airplanes, on 
trucks, on gasoline locomotives, on balloon 
hoists, on lighting outfits, etc. Wherever re- 
liability, economy and efficiency were 
needed Zenith Carburetors were found. 


Zenith Carburetor Company, Detroit 


are two Zenith L ty Carbure rs d on every Liberty Air- 
gine produced 08 reason is ¢ Ave to Zenith users.) 








~~ 
= 
=" 
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) Valves @ 


Have Been Universally Adopted 
For All Purposes 


2 


GS 






cael 


Manufactured Exclusively by 


THE LEWIS STEEL PRODUCTS COMPANY 


TOLEDO OHIO 










(ee ee 
IPNOE NE 


NN 
Zz 


GLX SIX SIX SX LIS SEX AXLES SCIEN Rs 


Williams’ Superior 
Drop-Forged Wrenches ' 





HIieERIE-VER wrenches are used, particu- 

larly in exacting production requiring 
hard and continuous service, Williams’ 
Wrenches are preferred. 

Through constant and systematic effort, dur- 
ing né arly fifty years, to produce only the best, 
Williams’ Dro yp- Forged Waubikes have been 

( he that today their superiority is 

generally conc ce ded. There’s a stron; g, depend- 


sil Ps 
site 
ae 


Bazar: \ f 
ns le EW illiams’ Wre —_ standard in des sign and = 
SIZE yr every rec enized trade a “Every 
yne of the JO patterns in about 1000 sizes, with 


Gieninee from 3/16 to 736", carries the 
Williams’ guarantee of service. , | 

Specify ‘ “Williams? Wre snches” and get s yt 
rior quality. Sh all we send you a copy yf our 


Wrench Booklet 


J. H. Williams Q Co. 


‘*‘The Wrench People’’ 


Western Office General Offices: 
and Warehouse: 11 Richards Street 
11 So. Clinton St., Brooklyn, 

Chicago, Ill. New York 
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RB QUALITY 
= DURABILITY 

BALL THRUST BEARINGS SERVICE 
20 ‘ | 


YEARS 
EXPERIENCE 


20 
YEARS 
SUCCESS 





OUR CATALOG TELLS THE STORY 


PACIFIC OFFICE BALL DETROIT OFFICE 


F. M. Cobbledick Co. THE BANTAM 
693 Mission Stree Buildin 
San Francisco, cal COMPANY DETROIT, . 


MICH. 
BANTAM, CONN. 








FORTHE CONVENIENCE 
—. OF THE TRADE WE ARE 
Da prnnT —a ere CARRYING IN OUR 


BOSTON 
WAREHOUSE 


THE LARGEST AND MOST 
COMPLETE STOCK OF 
COLD FINISHED STEELS 
IN THE EAST. WILL CUT 
= so : TO ANY SPECIAL OR 
— soit See ne SHORT LENGTHS 
» eee oe ag Oe 2 ; ‘SSeS 


COLUMBIA STEEL & SHAFTING CO. 


AND GENERAL OFFICES AND WAREHOUSE 
PITTSBURGH, PA. BOSTON, MASS. 





a ae 
CHICAGO CLEVELAND DETROIT NEW YORK 
SALES OFFICES: PHILADELPHIA DAYTON 


ect tia  ARN, Fee BRE eo 5 aps 
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The Central Steel Co. 


Massillon, Ohio 


BRANCH OFFICES: 


Chicago Office: 1370 Peoples Gas 
Bidg., 122 S. Michigan Blvd., 
C. H. Beach, District Sales 
Mgr. 

Cleveland Office: Hickox Bldg., The 
Hamill-Hickox Co., Dist. Reps 

Detroit Office: 326-27 - 28 Ford 
Bldg., F. Walter Guibert, Dist. 
Rep. 

Philadelphia Office: 603 Widener 
Bldg., Frank Wallace, Dist. 
Sales Mgr. 

Syracuse Office: 621 Univer sity 
Block, T. B. Davies, Dist. 
Sales Mgr. 

Export Dep’t: 20 Broad St., New 
York City. 

















Agathon Alloy Steels 
have come to be known 

the length and breadth of 
the land for that “Quality” that 
cannot be excelled. 


[hey have gained a reputation for 
absolute dependability in critical situa- 
tions and emergencies. 







They are being used right along 
in army trucks, tanks, aero- 
planes, ambulances, 
and ocean liners. 





AGATHON Chrome Steel 
AGATHON Nickel Steels AGATHON Chrome Nickel 
AGATHON Vanadium AGATHON Chrome Vanadium 
AGATHON High Carbon AGATHON Special Analysis 
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MODINE 


SPIREX 


RADIATORS 





‘Withstanding the 
Roughest Usage 


passes through—cooling the water in the cores 
at a greatly accelerated rate. 


Rough going—heavy soil—thousands of 
pounds dead weight pull on the drawbar— 
the mighty internal combustion engine work- 
ing constantly, hour after hour, with never a 


let-up for coasting or stops 

Under such relentless usage as this, the 
tractor radiator must perform its part—must 
not let the engine overheat beyond the high 
point of motor efficiency. 


The SPIREX tractor radiator easily stands 
such tests for many good reasons. 


First, the famous SPIREX spiral in each 
cell gives a centrifugal action to the air as it 


Second, the SPIREX has unusually large 
water channels—of one-piece, leak-proof con- 
struction. 


Third, the SPIREX core is of extra heavy 
copper radiator stock, adding greatly to its 
strength and rigidity. 


Scientific in principle, correct in design and 
accurately made from the finest material ob- 
tainable, SPIREX superiority is not a claim, it 
is a demonstrated fact proved by hundreds 
of busy tractors and trucks in hard daily use. 


There’s a Radiator Booklet in which you'll be interested. It describes 
and pictures the features of the SPIREX spiral. Let us mail it to you. 


MODINE MANUFACTURING COMPANY 


Racine. Wisconsin 
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ISesAhy 





It Made Good 
In the War 


The Ordnance Department of the U. S. 
Army adopted the Eisemann Magneto ex- 
clusively, without any changes whatever, for 


its trucks, tractors and light tanks during the 
War. 


The Signal Corps of the U. S. Army 
adopted the Eisemann Magneto exclusively, 
without any changes whatever, for its trucks 
during the War. 

















The Eisemann Impulse Starter was 
adopted as standard for all Class B trucks, 
after General Pershing had discarded battery 
ignition. 


And Oar Trucks and Tractors 
Were the admiration of theWorld! 








THE EISEMANN MAGNETO CO. 
Sales and General Offices: 
32-33d St., Brooklyn, N. Y. 


Chicago, 910 So. Michigan Ave. 
Detroit, 85 Willis Ave., West 


















EISEMANN 
SUPER-CONSTRUCTION 


2—The Armature 






















The making of the Armature of an 
Kisemann Magneto is an excellent 
illustration of the exhaustive and 
scrupulous attention to detail through 


j $1 ; which this Company has realized its 
« nak . . 

; f a determination to produce the finest 
f he f Magneto that can be built 

‘ vif 


To complete the Armature Core and 
Winding from raw material to finished 
product requires 49 distinct operations, 
inspections and tests Though these 
processes cannot be described here, it 
should be pointed out that owing to 
the extreme care applied both to the 
selection of materials and to the 
processes of construction, Eisemann 
Armatures practically never short-cir- 
cuit or burn out. 
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INETED: 


Alloy Steels for Tractor 
Parts 


June, 1919 


Make certain you are fundamentally correct in 
your product. 


Connecting rods, crankshafts and axles are only 
as good as the steel from which they are made. 


The “inherent” quality of finished parts means 
principally that the steel is right. 


Our long and varied experience in the manu- 
facture of high-grade alloy steels makes it possible 
for “United” steels to satisfactorily meet the re- 
quirements of the tractor industry. 


We manufacture all practical analyses of basic 
open hearth and electric furnace steels which we 
furnish in bars, hot-rolled, cold-drawn, and heat- 
treated to specifications. 


Also we furnish forging billets and blooms, and 
gear slabs of extraordinary quality. 


New York Unite d Alley Detroit 


Chi cago Cleveland 


SanFrancisco Steel GCrposation Indianapolis 
Syracuse Canton *° Ohio Portiand 





—— eee Ce 
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/RUSCO 


BRAKE LINING & 


CLUTCH FACINGS 
Products That Make a Good Car Better 


The reason why prominent car makers use 
Rusco Woven Products in the manufacture 
of their cars is the reason why you should 
carefully investigate these products. Car 
makers find that Rusco Brake Linings and 
Clutch Facings increase the efficiency and 
value of both new and used cars. They are 
profiting by the consistently high quality of 
Rusco Products—quality that eighty-eight 
vears in the manufacture of webbing assures. 
You, too, can build Rusco Products into your 
cars with profit. Besides Rusco Brake 
Lining and Clutch Facings, they include: 

























Rusco Top Straps, Tire Straps, 
Fan Belts, Radiator and Hood 
Lacings and Anti-Squeak Webbing 


Transmission Brake Lining Sets and Complete 
emergency Brake Sets for Ford Cars also form part 
of the Rusco Line. All are guaranteed by the Rusco 
name and reputation. 


Send for new Rusco Book giving valuable in- 
formation how to use and profit by Rusco Auto- 
motive Products. 


The Russell Manufacturing Co. 
Home once 504 Russell Avenue 


Middletown, Connecticut 


NEW YORK CITY CHICAGO 


DETROIT 
349 Broadway 1438 Michigan Ave. 


18 Alexandrine Ave., E 


‘RUSCO) 


25,000 Shuttles 









38 Fac’ ory Bu''dings 





ESTABLISHED 1830 
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Absorbers, Shock 
Hartford, Inc., Edw. V. 
Johns-Manville Co., H. W. 
Airplane Parts 
Curtiss Aeroplane & Motor Corp. 
Erie Specialty Co. 
Standard Parts Co. 
Airplanes 
Curtiss Aeroplane & Motor Corp. 
United Aircraft Engineering Corp. 
Ammeters 
Nagel Electric Co., W. G. 
Roller-Smith Co. 
Westinghouse Electric & Mfg. Co. 
Weston Electrical Instrument Co. 
Asbestos 
Johns-Manville Co., H. W. 
Automobile Accessories 
United States Auto Gear Shift Co. 
Axle-Housings, Cast Steel 
Michigan Steel Casting Co. 
Axle-Housings, Pressed Steel 
Bossert Corp. 
Parish Mfg. Co. 
Smith Corp., A. O. 
Axles, Cold Drawn 
_ Union Drawn Steel Co. 
Axles, Front and Rear 
Park Drop Forge Cv. 
Standard Parts Co. 
Union Switch & Signal Co. 
Williams, J. H., & Co. 
Wyman-Gordon Co. 
Babbitt Metal 
Merchant & Evans Co. 
Balls, Steel 
Auburn Ball Bearing Co. 
New Departure Mfg. Co. 
S K F Industries, Inc. 
Standard Roller Bearing Co. 
Bands, Brake 
Raybestos Co. 
Bands, Felloe 
Jaxon Steel Products Co. 
Bars, Bronze Cored 
American Bronze Corp. 
Batteries, Ignition, Lighting and Starting 
Automotive Products Corp. 
Electric Storage Battery Co. 
Ericsson Mfg. Co. 
North East Electric Co. 
Willard Storage Battery Co. 
Bearing Metal, Bronze 
American Bronze Corp. 
Federal Bearing & Bushing Corp. 
Bearings, Babbitt and Bronze 
Doehler Die-Casting Co. 
Federal Bearing & Bushing Corp. 
Franklin Mfg. Co. 
Muzzy-Lyon Co., Ltd. 
Bearings, Ball 
Auburn Ball Bearing Co. 
Automotive Products Corp. 
Bantam Ball Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Federal Bearings Co. 
Gurney Ball Bearing Co. 
New Departure Mfg. Co. 
Norma Co. of America 
Oakes Co. 
S K F Industries, Inc. 
Standard Roller Bearing Co. 
Bearings, Ball Thrust 
Bearings Co. of America 
Bearings, Bronze 
American Bronze Corp. 
Federal Bearing & Bushing Corp. 


The Index to 


# InpEx TO ADVERTISERS’ Propucts ® 








Bearings, Graphite and Babbitt 


Bound Brook Oil-less Bearing Co. 


Bearings, Graphite and Bronze 


Bound Brook Oil-less Bearing Co. 


Bearings, Oilless 
Arguto Oilless Bearing Co. 
Bearings, Roller 
Automotive Preducts Corp. 
Bower Roller Bearing Co. 
Hyatt Roller Bearing Co. 
Norma Co. of America 
Spicer Mfg. Corp. 
Standard Parts Co. 
Standard Roller Bearing Co. 
Timken Roller Bearing Co. 
Wright Roller Bearing Co. 
Bells or Gongs, Mechanical 
New Departure Mfg. Co. 
Belting, Fabric 
Russell Mfg. Co. 
Belting, Fan 
Gilmer Co., L. H. 
Graton & Knight Mfg. Co. 
Russell Mfg. Co. 
Belting, Leather 
Graton & Knight Mfg. Co. 
Belting, Link, Round and V 
Graton & Knight Mfg. Co. 
Belting, Silent Chain 
Morse Chain Co 
Whitney Mfg. Co. 
Blanks, Gear 
Central Steel Co. 
Park Drop Forge Co. 
Standard Parts Co. 
Boats, Flying 
Curtiss Aeroplane & Motor Corp. 
Bolts, Chassis 
Erie Specialty Co. 
Steel Products Co. 
Bolts, Coupling 
Steel Products Co. 
Bolts, King 
Erie Specialty Co. 
Bolts, Spring 
Erie Specialty Co. 
Brake Rod Assemblies 
Standard Parts Co. 
Steel Products Co. 
Brakes 
Raybestos Co. 
Bulbs, Incandescent Lamp 


Westinghouse Electric & Mfg. Co. 


Bumpers 

Hartford, Inc., Edw. V. 

Thermoid Rubber Co. 
Bushings 

Erie Specialty Co. 

Muzzy-Lyon Co., Ltd. 
Bushings, Bronze 

American Bronze Corp. 

Federal Bearing & Bushing Corp. 
Bushings, Oilless 

Arguto Oilless Bearing Co. 


Cable Assemblies 
Packard Electric Co. 
Camshafts 
Muskegon Motor Specialties Co. 
Obenberger Forge Co., John 
Park Drop Forge Co. 
Union Switch & Signal Co. 
Wyman-Gordon Co. 
Carburetors 
Wilcox-Bennett Carburetor Co. 
Carbureters, Gasoline 
Sunderman Corp. 
Zenith Carburetor Co. 


Cars, Passenger 
Automotive Products Corp. 


Castings, Alloy Steel 
Michigan Steel Casting Co. 


Castings, Aluminum, Brass and Bronze 
Acme Die-Casting Corp. 
American Bronze Corp. 
Doehler Die-Casting Co. 
Federal Bearing & Bushing Corp. 
Franklin Mfg. Co. 
Light Mfg. & Foundry Co. 


Castings, Die 
Acme Die-Casting Corp. 
Doehler Die-Casting Co. 
Franklin Mfg. Co. 
Light Mfg. & Foundry Co. 


Castings, Malleable Iron 
Hammond Malleable Iron Co 


Castings, Steel 
Dayton Steel Foundry Co. 
Michigan Steel Casting Co. 

Cement, Furnace 
Johns-Manville Co., H. W. 

Chains, Anti-Skid 
Rowe Calk & Chain Co. 

Chains, Automobile Engine 
Morse Chain Co. 

Whitney Mfg. Co. 

Chains, Block 
Morse Chain Co. 

Whitney Mfg. Co. 

Chains, Silent 
Morse Chain Co. 

Whitney Mfg. Co. 

Chains, Sprocket Wheel 
Morse Chain Co. 

Whitney Mfg. Co. 

Chains, Transmission or Driving 
Link Belt Company 
Morse Chain Co. 

Charging Apparatus, Electric Vehicle 
General Electric Co. 
Westinghouse Electric & Mfg. Co. 

Chlorine Compounds 
Condensite Co. of America. 

Chrome Vanadium 
United Alloy Steel Corp. 

Chucks, Quick Change 
Whitney Mfg. Co. 

Clamps 
Williams, J. H., & Co. 

Clamps, Hose 
Schrader’s Son, Inc., A 

Cleaner, Air 
Wilcox-Bennett Carburetor Co. 

Cleaning Compounds, Metal 
Oakley Chemical Co. 

Cleats, Fiber 
American Vulcanized Fibre Co. 

Clutches ; 

Borg & Beck Co. 

C. A. S. Engineering Co. 
Detlaff Co., A. J. 
Merchant & Evans Co. 


Collars, Ball Bearing 
3antam Ball Bearing Co. 


Conduits and Fittings, Electrical 
Johns-Manville Co., H. W. 
National Metal Molding Co. 
Titeflex Metal Hose Corp. 


Advertisers ts given on pages 102 and 104 


June, 1919 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


Five years ago there was only one 
answer to the question, “What is 
the weakest part of an automobile 
starting and lighting battery?” 


It was agreed that the weak spot 
was insulation. 


A good many battery builders 
saw that some day there would be 
a better and possibly an entirely dif- 
ferent sort of battery insulation— 
and that when it came it would 
mean a better, longer lived battery. 


Some even said “Why not use 
rubber?” but gave up the idea when 
they found how many obstacles 
barred the way to its practical use 


Making the Weakest Part 
the Strongest One 





in the insulation of an automobile 
starting and lighting battery. 


Willard began the search with the 
others, and continued in spite of 
difficulties. It is common knowl- 
edge that we stopped only when we 
reached our goal, and had produced 
and proved Threaded Rubber Insu- 
lation. 


Four years ago 35,000 Willard 
Batteries with Threaded Rubber 
Insulation were put into service. 
A large part of those batteries are 
in use today. What more striking 
illustration could be desired of the 
strength that has been added to the 
weakest battery part. 


Willard Storage Battery Company 
Cleveland, Ohio 
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Connecting-Rods 
Obenberger Forge Co., John 
Park Drop Forge Co. 
Williams, J. H., & Co. 


Connections, Tire Pump 
Schrader’s Son, Inc., A. 
Cooling Systems 
G & O Mfg. Co. 
Harrison Radiator Corp. 
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Example of How the 
Hartford Shock Absorber 
Works: 


Fig. 1—Automobile approaching road 
bump. 


Fig. 2—Movement of car body when car 
not equipped with Hartfords meets 
bump. 


Fig. 3—Movement of car body when car 
equipped with Hartfords meets bump. 
Note how the Hartfords dampen the 
vibrations of the springs by absorb- 
ing the energy of spring movement, 
saving you from discomfort and pro- 
tecting your car. 
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F you pressed a block of wood smartly against the edge of the 
springboard, it would cease to vibrate almost immediately the 


diver sprang off. The board would still be “springy” but there 
would be no harmful after vibrations. 


The same principle holds good for your automobile springs. 
Every bump or hole sets up a vibration that is transmitted to the 


car, wearing and tearing the engine, gears, bolts and joints, causing 
discomfort to the passengers. 


Hartford Shock Absorbers stop this harmful vibration by friction 
—the same way a block of wood stops the springboard. They 
restore the springs to normal easily and surely, so that no jolt or 


jar is felt by the car. They move with every move of the spring, 
softening and cushioning its action. 


Every uneven condition of motoring—varying loads; varying 
speeds; varying roads—is taken care of by the Hartford. And 
because it always protects your car, riding fatigue; road conscious- 
ness; jolts; broken springs and often repairs become but will-o- 


wisps described to you by friends, as terrors which besiege their 
un-Hartfordized cars. 


Write us for literature and information regarding 
the Hartford Shock Absorber for your make of car. 


EDWARD V. HARTFORD, Inc., 147 Morgan St., Jersey City, N. J. 


Factory Branches—BOSTON, 319-325 Columbus Avenue 
CHICAGO, 1716 Michic-- Avenue 





SHOCK ABSORBER 
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The Newest Car Also Delco Equipped 


And now the newest car, as was to 
be expected, also has Delco Starting, 
Lighting and Ignition. 


It is the natural result of Delco’s 
superiority—the superiority that has 
been recognized by so many high grade 
motor cars. 


The very first car to use a complete 


The Dayton Engineering 
Laboratories Company 








electrical Starting, Lighting and Ignition 
system used—Delco. Each succeeding 
new car of quality has investigated thor- 
oughly and adopted Delco as the proved 
and approved system. 


Each year further evidence is given 
that Delco still represents we present 
maximum in Starting, Lighting and Ig- 
nition for high-grade motor cars. 


Dayton, Ohio 
U.S. A. 


Starting, Lighting and Ignition Systems 
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Searches for Engineering Data 





HE Society of Automotive Engineers is in a position to give valuable 
assistance in conducting engineering searches along. automotive lines, 
a comprehensive index to the Transactions of the Society greatly facili- 


tating this work. Many of the more important engineering papers are avail- 
able at small cost in pamphlet form. 





The Society is in the same building with the United Engineering Society 
Library, which conducts searches on all engineering subjects, and to which 
inquiries of a highly specialized nature are referred. A charge of $1.50 an 
hour is made to cover the cost of this work, but inquiries that necessitate 
little investigation are gladly answered without charge. 


The Library contains 130,000 volumes, many of the reference works 
not being readily accessible elsewhere. Over 1000 technical journals and 
magazines, including every important engineering journal in the civil, mechan- 
ical, mining and electrical worlds, are kept on file. Photographic copies of 


articles in these journals will be furnished, as well as translations of articles 
in foreign languages. 
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With a Dorr Miller Differential Dependable Service and 
Positive Pull Is Assured for the Car, Truck or Tractor 





Illustrates the simplictiy of design and construction. But four units comprise the Dorr Mille: 
Differential; a driving plate, two grooved blocks, and eight steel balls through which the 
power is transmitted. 


In ordinary trade parlance the Dorr Miller 
Differential may be called a locking differential— 
in that it not only provides perfect differentiation, 
but at the same time prevents idle spinning and 
slippage of that wheel which has the lesser trac- 
tion. But it should be borne in mind that in per- 
forming this function the differential really never 
locks, it works through retardation of motion 
rather than through positive locking. 


The basic difference between the Dorr Miiler 
Differential and other conventional types, lies in 
the fact that the Dorr Miller Differential ac- 
complishes its functions without the use of gears. 





Dorr Miller Differential assembled with casing 


SHOP RIGHTS MAY BE OBTAINED FOR RESPONSIBLE MANUFACTURERS 
BY A LICENSE AGREEMENT. A SURPRISINGLY LOW MANUFACTURING 
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ENGINEERING SERVICE 


HE members’ professional cards appearing on page 2 form an index 


to professional service in various branches of the automotive industry. 
Through this section engineering service may be obtained ranging all the 
way from 


Preliminary Research Work, through 

The Design, Development and Construction, to 

The Testing and Refinement of Finished Forms of Automotive 
Apparatus 


“INDEX TO ADVERTISERS’ PRODUCTS” 


The items listed in this section of the Journal represent the products of 
well-known companies connected with the automotive industry. Approxi- 
mately 260 products manufactured by over 143 companies are listed. 


Every regular advertiser is entitled to and does have a certain number 
of his products listed in this “Index to Advertisers’ Products."” Only those 
products which are of actual interest to the members of the Society, how- 
ever, are included. 


S. A. E. members are assured therefore that the list of products appear- 
ing on pages 94, 96, 98 and 100 is placed there for their convenience and use. 
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The Problem of Fuel 


The big problem of today in the automotive industries is low grade 
fuel. Any truck or tractor manufacturer’s success depends upon his 
engine’s ability to not only handle the very low grade fuels of to- 
day, but the still lower grades of the future. In designing and building 
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Four-Cylinder Motors for Trucks and Tractors 


this problem of fuel has been fully taken into account. That is why there are 
probably more Waukesha Motors successfully burning kerosene, than of any other make. That 
is why the demand for Waukesha powered trucks and tractors is constantly increasing. 


Extensive expansion of facilities now offers truck and tr: actor manufacturers 
an opportunity to utilize Waukesha experience and prestige. Write today. 


WAUKESHA MOTOR Co. 
WAUKESHA, WIS. 
World’s Largest Builders of Truck 


and Tractor Motors 
Exclusively 
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‘Forty-five Minutes 
from Broadway ”’ 


HE web of speed entangles a hundred 

cities that were unreachable yesterday. 
The aeroplane has changed the meaning of 
travel; the Curtiss brings far places pres- 
ently to your.door. 


Comfort 
Dis patch Directness 
Reliability 


CURTISS AEROPLANE AND Movror CORPORATION 
52 Vanderbilt Avenue, New York 


CurRTISS ENGINEERING CORPORATION THE BurGEsS COMPANY 
Garden City, Long Island Marblehead, Mass 


Immediate Deliveries 
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